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POPULATION ECOLOGY AND FEEDING BIOLOGY OF NUDIBRANCHS IN 
COLONIES OF THE HYDROID OBELIA GENICULATA
by
W alter J .  Lam bert 
U niversity of New H am pshire, Septem ber, 1990
Kelp b lades fl^amtnaria spp.) w ith colonies of Obelia geniculata  w ere 
collected over a  28  m o n th  period from C ape Neddick, ME to docum ent the  
ep ifaunal com m unity  a n d  to determ ine the  possib le  m echan ism s allowing four 
n u d ib ra n c h  species to coexist. Regression an a ly ses  correlated  th e  a b u n d an ces  
of ep ifauna w ith  h a b ita t pa ram ete rs . The feeding biology of n u d ib ra n c h s  w as 
described. D ensity  m an ip u la tio n s  of n u d ib ra n c h s  in  pair-w ise behavioral 
in te rac tio n s  tested  th e  effects of in terference on  th e  location of n u d ib ra n c h s  in 
the  colony.
Obelia geniculata  provides h ab ita t an d  food for m any inverteb ra te  
ep ifauna. The hydro id  colony ac ts  a s  the  island  for m ost species. H ydrocauli 
provide s tru c tu re  to  m otile ep ifauna. D enser a n d  taller colonies have h igher 
a b u n d an c e s  of m otile epifauna.
Q. geniculata  is  a  n u rse ry  h a b ita t for n u d ib ran ch s. A du lts  of 
D endrono tus fro n d o su s . Doto co ronata  an d  E u b ran c h u s  ex iguus w ere 
in frequen t in h a b ita n ts  of the  hydroid  colony. In  co n trast. Tergipes tergipes 
consisten tly  occupied th e  colony for its en tire  life cycle suggesting  th a t Q. 
gen icu lata  is  the  p rim ary  h a b ita t of Tergipes.
E ach  n u d ib ra n c h  species utilized a  sep a ra te  portion  of th e  hydroid colony 
a s  food a n d  h ab ita t. Feeding behav ior of D endrono tus w as size dependent; 
sm all n u d ib ra n c h s  (<5 mm) p en e tra ted  perisarc  a n d  large n u d ib ra n c h s  (>5 mm)
b it polyps. Doto drilled th ro u g h  sto lons a n d  E u b ra n rh u s  p en etra ted  
hydrothecae. Tergipes ra sp ed  naked tis su e  from polyps. D en d rono tus was 
found  th ro u g h o u t the  colony on hydrocauli. Doto w as on  the kelp su rface  and 
E u b ran c h u s  on  hydrocauli a t the  edge of colonies. Tergipes occupied Lhe 
c en tra l a rea  of colonies a n d  a top  hydrocauli.
Behavioral in te rac tio n s  am ong the  n u d ib ran ch s  occurred  frequen tly  bu t 
did n o t influence the  h a b ita t or feeding locations of n u d ib ran ch s. T h e  vast 
m ajority  (71%) of reactions of n u d ib ran ch s  in  pair-w ise en co u n te rs  betw een 
n u d ib ra n c h s  w ere non-aggressive. This suggests th a t n u d ib ra n c h s  a re  
u n aw are  of each  other, s im ila r to m any in sec t com m unities.
A lthough som e sep ara tio n  of the  hydroid  food re so u rce  is p re se n t, 
re so u rce  partition ing  is unlikely  to be a  m ajo r factor allow ing coexistence of the 
n u d ib ran ch s . In terference com petition is too rare  or w eak  to cau se  th e  
observed  p a tte rn s . D ifferential rec ru itm en t by all four n u d ib ra n c h  spec ies  m ay 
overw helm  the  hydroid b u t equilibrium  conditions n ecessa ry  for exclu sion  are 
un like ly  to occur o r persist for long periods.
xiii
D isserta tion  Objectives 
This s tu d y  exam ined the  factors regu la ting  the  d istrib u tio n  and 
ab u n d an ce  of n u d ib ran ch  m o llu scs w ithin colonies of the  coelenterale  hydroid  
Obelia geniculata  on Iam inarian  seaw eeds. The objectives of th is  resea rch  were:
1. To describe th e  tem poral a b u n d an c e  p a tte rn s  of ep ifauna 
assoc iated  w ith colonies of O. gen icu lata  on b lad es  of Iam inarian  
kelps.
2. To docum ent th e  tem poral ch an g es  in rec ru itm en t and  
population  s tru c tu re  of the n u d ib ra n c h s  w ith respec t to physical 
pa ram ete rs  (area, height, density) of the hydroid colony.
3. To docum ent th e  nud ib ran ch  feeding biology a n d  rela te  th is  to 
th e  s tru c tu re  of th e  radula . feeding behavior, location w ithin  the  
hydroid  colony a n d  skeletal s tru c tu re  of Q. g en icu la ta .
4. To determ ine if behavioral in te rac tions am ong  the  n u d ib ra n c h s  
affect the  d is trib u tio n  of n u d ib ran ch s  w ith in  th e  hydroid colony.
The re su lts  a re  p resen ted  in  chap ters re la ted  to each  o f th e  above 
objectives. The following b ack g ro u n d  section p re sen ts  a n  overview of species 
coexistence a n d  n iche  partition ing  an d  an  in troduction  to th e  hydroid- 
n u d ib ra n c h  assem blage.
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BACKGROUND
The concep t of "limited m em bership" (Ellon, 1927) in  a  com m unity  s ta tes  
th a t  all species in  one com m unity  m ust in te ra c t to som e degree. C oexistence of 
sp ec ie s  w ithin a  com m unity  is the resu lt o f evolved in te rac tio n s  th a t have 
allow ed a species to be p re sen t a t  a p a rtic u la r  time an d  p lace  (Roughgarden and 
D iam ond, 1986). In terac tions betw een species that u tilize  sim ilar re so u rces  
w ith in  a com m unity  are  expected to be s tro n g , where com petition  for food and 
s h e lte r  can lead to d isp lacem ent and  d ea th  (Diamond a n d  Case, 1986).
R esource partition ing  w ithin a  hab ita t re su lts  in niche differentiation  via 
m orphological (genetic) changes or behavioral m odifications in  species. 
In terspecific in te rac tio n s  will determ ine w hich  species coex ist in a h a b ita t and  
w h ich  resources a re  utilized by  these  species.
Many re sea rc h e rs  have m odeled species coexistence (H utchinson. 1959; 
M acA rthur a n d  Levins. 1967: Schoener, 1974: Birch, 1979: Vance, 1984; 
C h esso n , 1986). F rom  these  w orks and  em pirical re sea rch  utilizing a  w ide 
v a rie ty  of o rg an ism s (see D iam ond and  C ase, 1986), a  n u m b e r  of m ech an ism s 
p rom oting  coex istence  of species in a  com m unity  have b e e n  proposed.
R esource  p a rtitio n in g  can o ccu r betw een two species via h a b ita t  selection  
(Cody. 1968: A rnold , 1972: Chew , 1981; T okesh i and Tow nsend. 1987), 
re c ru itm en t p a t te rn s  (Denslow, 1984: N aeem . 1988) an d  d ie ta ry  specialization  
(G ran t. 1966, 1986; Fraser. 1976b; Cates, 1980; Brown. 1989). In the  above 
s tu d ie s  coexistence w as d em onstra ted  by a  separa tion  in  sp ec ies  niche 
requ irem en ts. N iche differentiation is req u ired  for coexistence w hen re so u rces  
a re  lim iting (Yodzis. 1986) a n d  is  often accom plished w ith evolutionary tra d e ­
offs in  body size a n d  locomotory ability th a t  prom ote d iversity  of reso u rce  u se  
w ith in  a  com m unity  (Kotler a n d  Brown, 1988). In terference behaviors (Rathcke.
2
1976: M orse, 1980: Karieva, 1982) a n d  non-lim iting resources (Rathcke. 1976: 
S choener. 1982) can  a lso  allow coexistence.
W hen an im als u tilize sim ilar food resources w ith in  a p a rtic u la r  habitaL. 
d ifferences in their tem pora l occurrence  or h ab ita t selection of specific sites to 
live w ith in  the  larger a re a  allow the ir coexistence (Arnold, 1972; B irch, 1979). 
Tem poral differences in h a b ita t u se  p rom ote coexistence b ecau se  the  foraging 
efficiencies of species differ an d  m ay genera te  variability  in re so u rce  a b u n d an ce  
(Cody, 1968. Kotler a n d  Brown, 1988. Brown, 1989). For exam ple, in  pierid 
bu tterflies, the  d is trib u tio n  of species is m ore d ep en d en t upon  th e  com position 
an d  a b u n d a n c e  of the  crucifer flora th a n  upon  interspecific com petition  (Chew,
1981). Here, the s tru c tu ra l  ch arac te ris tic s  of the  h a b ita t provide refugia for 
coexisting species, allow ing a  spatia l re lease  from com petitive in te rac tio n s  
(Birch, 1979).
R ecru itm en t c an  prom ote coexistence (Chesson, 1986; C h esso n  and  C ase.
1986). M ost species exh ib it som e degree of density -dependen t rec ru itm en t w ith  
high den sities  new re c ru its  a t  low ad u lt densities. T he tim ing o f a  larval 
d isp ersa l ph ase  in  a sp ec ies ' life h is to ry  will determ ine the degree to  which th a t  
species c an  colonize a  h a b ita t. The re la tionsh ip  betw een  the  tim in g  of species' 
d isp ersa l ph ase  and  th e  d u ra tio n  of th e  open p a tch  m ay  explain  w hy m any 
species assem blages a re  com posed of g roups of species w ith d ifferen t life 
h is to ries  (Naeem, 1988). C hesson  a n d  W arner (1981) propose th a t  in add ition  
to tem pora l differences in  recru itm en t, overlapping generations a re  necessary  
for sp ec ies  coexistence. T hey suggest th a t  differences In com petitive abilities 
betw een species an d  m ortality  due to env ironm ental variability allow  one 
species to be favored a t  o n e  tim e an d  o th e r species a t  ano ther. T hese  non­
equ ilib rium  theories p o s tu la te  coexistence resu lting  from  the  po ssess io n  of 
certa in  life h istory  tra its  (C hesson a n d  C ase. 1986: T okeshi a n d  Tow nsend.
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1987) w here no species h a s  a  large n e t advantage over ano ther.
C oexistence of m any te rres tria l species h a s  occurred  th ro u g h  dietary 
specialization. M orphological variation in  bill or jaw  size (Van Valen. 1965: 
G ran t. 1969) a n d  body size (Fraser. 1976a) betw een coexisting species h as  been 
u sed  to ind icate  w hether o rgan ism s u se  different food types. T h is  m ethod h a s  
com m only suggested  the occurrence of com petition b ecause  it quan tifies 
re so u rce  exploitation p a tte rn s  an d  in te rac tio n s  betw een individuals. 
Specialization on  p a rticu la r food types m ay  be d ic ta ted  by prey chem istry . 
M onophagous a n d  oligophagous in sec ts  preferred young  leaves w h ich  were 
m ore easily d igested  ra th e r th a n  m a tu re  leaves, while polyphagous insects 
preferred  m a tu re  leaves (Cates. 1980).
Behavioral aggression  an d  in terference prom ote coexistence of species by 
lim iting access to resou rces by com petitors (Morse. 1980: Strong, e t al., 1984). 
In wood ra ts  (Dial. 1988) a n d  stem -boring  insects (Rathcke. 1976) aggressive 
en co u n te rs  be tw een  indiv iduals Inhibited resource  u se  by o th e r com petito rs 
a n d  provided th e  necessa ry  n iche  sep a ra tio n  for coexistence. In  som e in stan ces  
agonistic  behav iors betw een species m ay resu lt in severe in jury  a n d  death  of a 
su b o rd in a te . C oexistence c a n  be m ain ta in ed  if inferior species h av e  a  larger 
fu n d am en ta l n iche  th an  th e  dom inan t species (Morse, 1980).
Lastly, coexistence of species c an  occur w hen resou rces a re  n o t lim iting 
a n d  in traspeciflc  com petition  is low. T he potential for com petition  w as high 
w ith in  a  guild of stem -boring  insects, b u t  species in te rac tions w ere in frequent 
b e ca u se  resources, particu larly  food an d  space  w ere seldom  lim iting (Rathcke. 
1976). Schoener (1968) described  a  s im ila r scenario  for Anolis lizards in the  
B im ini Islands. H e suggested  th a t for sim ilarly  sized indiv iduals to  inhab it the  
sam e area, food m u s t be a b u n d a n t to allow  increased  overlap in  resource  use.
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T he coexistence of sessile  species in aquatic  env ironm ents h a s  received 
m uch  a tten tion ; m ost s tu d ie s  a re  exam ples of preem ptive or overgrowth 
com petition of clonal inverteb ra tes (Schoener, 1983). The co-occurrence of 
m otile in v erteb ra tes  in  ep ifaunal an d  algal com m unities is well docum ented  b u i 
the  m ech an ism s allow ing the ir coexistence is generally  unknow n. F reshw ater 
sn a ils  show  differences in d ie ts (Fernandez, et al.. 1989). s tru c tu re  of the  
rad u lae  (Blinn. et al., 1989: H aw kins, et al. 1989), feeding behav iors (Hawkins, 
et al., 1989) an d  h a b ita t p references (Fernandez, e t al., 1989). T hese 
differences have b een  suggested as  consequences of resource  a n d  h a b ita t 
p a rtition ing  th a t allow  coexistence. In the  m arine environm ent, snails  an d  
op is th o b ran ch s a lso  exhibit partition ing  of resources. Here, variability  in  food 
preference (Radwin a n d  Weils, 1968: N ybakken a n d  E astm an . 1977; S h o n m an  
an d  N ybakken, 1978), s tru c tu re  of the  rad u la  (Bloom, 1976: N ybakken a n d  
E astm an . 1977), h a b ita t preference (Bloom, 1981) or tem poral occu rrence  on 
the  food resou rce  (Yoshioka. 1986) provide exp lanations for th e  coexistence of 
th ese  p reda to rs .
For o th e r g ro u p s of m arine, op is th o b ran ch  m ollusks, very little  w ork h a s  
been done on interspecific in teractions. N ud ib ranchs a re  im p o rtan t in h a b ita n ts  
of hydroid  colonies b ecau se  they  m ay control hydroid colony s tru c tu re  (Gaulin, 
et al. 1986). In pa rticu la r, assem blages of aeolid an d  d en d ro n a tacean  
n u d ib ra n c h s  coexist in  hydroid colonies, b u t m echan ism s for th is  coexistence 
a re  unknow n.
H ydroids colonies a re  co n sp icuous m em bers of m arine  su b tid a l 
com m unities. They com m only grow on  an y  h a rd  su b s tra tu m , alga or o th e r 
o rgan ism s (L'Hardy, 1962; Pequegnat. 1964; H agerm an. 1966; Weis, 1968; 
H ughes, 1975; H ayw ard. 1980; Boero, 1981; Seed. 1986; Boero an d  Fresi,
1986: L am bert a n d  Laur, 1987). H ydroids approxim ate  p ra irie  g rasses  in  the
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s tru c tu re  they provide to motile ep ifauna and  the  a ttrac tio n  to consum ers. 
However, the re la tionsh ip  betw een co-occurring n u d ib ra n c h s  on colonies of 
hydroids is not well docum ented  (Todd. 1981). Previous s tu d ie s  (Clark. 1975: 
Lam bert. 1985: H arris. 1987: Todd an d  H avenhand, 1989) suggest th a t 
n u d ib ra n c h s  m ay destroy  fouling com m unities by  the ir grazing activities. 
In c reases  in n u d ib ra n c h  a b u n d an c e  an d  p reda tion  probably cau se  th e  rapid 
tu rn o v er of local popu la tions of hydroids by decreasing  th e  hydroid  colony's 
abilities to filter se ttlin g  larvae (Standing. 1976).
In  the  so u th e rn  G ulf of M aine the hydroid Obelia gen icu lata  (L innaeus. 
1758) often  dom inates the su rfaces  of Iam inarian  kelps. L am inaria  sacch arin a  
(L.) L am our an d  L. digltata (Huds) Lam our. Q. geniculata  is a  theca te  hydroid 
w ith sex u a l rep roduction  occurring  in the  free-sw im m ing m eduso id  generation . 
The short-lived  m ed u sa  (3-4 w eeks in  the  plankton) is considered  the  d ispersa l 
stage o f th e  life cycle, b u t the hydroid  m ay also  be tran sp o rted  over long 
d is ta n ce s  a s  a  fouling o rganism  on  sh ips, drift algae an d  sw im m ing v erteb ra tes  
(C ornelius. 1982). The m ajor rec ru itm en t period of Q. gen icu la ta  to kelp  b lades 
occurs in  late sp ring . The in c rease  in  a b u n d an ce  ap p ea rs  to b e  a  com bination  
o fla rv a l se ttlem en t a n d  vegetative growth. O. geniculata  is m ost a b u n d a n t 
d u ring  th e  su m m er m o n th s  (June-A ugust) while bloom s a lso  occur in  a u tu m n  
(November) and  la te  w inter (March).
S ix  n u d ib ran ch  species a p p e a r  to have a s tro n g  asso c ia tio n  w ith Q. 
gen icu la ta  as a  prey  source: C orvphella verrucosa  (M. S ars . 1829). 
D endrono tus frondosus (A scanius. 1774). Doto co ronata  (Gmelin. 1791). 
E u b ran c h u s  ex iguus (Alder a n d  H ancock. 1848). E. pa llldus (Alder an d  
H ancock. 1842). a n d  Tergipes te rg ipes tForskal. 1775) (Meyer, 1971; C lark. 
1975: F ranz , 1975: Todd. 1981: Lam bert. 1985). This s tu d y  focuses on  four 
. n u d ib ra n c h s  (D endronotus. D oto. E. exig u u s . a n d  Tergipes) th a t  exhibit
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seasonal a b u n d an ce  m axim a on Q. geniculata during  late sp rin g  and sum m er. 
Doto is m ost frequently  found am ong  the  s to lons. E u b ran c h u s  and Tergipes on 
the  hydrocauli a n d  D endrono tus Is often found  clinging to th e  tops of 
hydrocauli a n d  b ran ch es . The spa tia l d is trib u tio n  of n u d ib ra n c h s  w ithin th e  
colony ap p ears  to suggest a  sep a ra tio n  in th e ir  u se  of the  hydro id  colony a s  
food an d  hab ita t. T hus, the  location of a n u d ib ran ch  w ithin  th e  colony re su lts  
from its feeding behavior.
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Species D escript ions
Obelia gen icu lata  (L innaeus. 1758) is a  thecate, coelen te ra te  hydroid with 
a  cosm opolitan  d is tribu tion  in  shallow  w a ters  (Calder, 1970; Cornelius. 1975:
1982). Q. g en icu lata  is found alm ost exclusively growing on  the  blade su rfaces  
o flam in a rian  kelps. Vertical hydrocauli (uprights) a rise  from  stolons th a t  a re  
a ttach ed  to the  kelp  surface. H ydrocauli a re  seldom  b ra n c h ed  and  reach  a  
height of 25 m m  (pers. obs.). C ornelius (1975) reports h e ig h ts  to 40 m m . 
H ydran ths h av e  a  single w horl o f 15-20 ten tac les  and  a re  b o rn e  w ithin sm ooth- 
rim m ed, b e ll-shaped  hydro thecae. M edusae a re  produced w ith in  gonothecae  
a n d  a re  ind iv idually  released a t m aturity . In  th is  study, gonangia  were fo u n d  in 
all m on ths excep t J a n u a ry  a n d  F ebruary  a lthough  m ed u sae  w ere seldom  seen  
in  w inter m o n th s  (Lambert, u n p u b . data).
D en d ro n o tu s  frondosus (Ascanius, 1774) is a  d en d ro n a tacean  n u d ib ra n c h  
w ith a  cosm opolitan  d is trib u tio n  in the n o rth e rn  hem isphere . It is com m on in 
bays, fouling com m unities an d  shallow, su b tid a l h a b ita ts  in  assoc ia tion  w ith  
hydroids. Ju v en ile s  have b een  found a lm ost exclusively on colonies of th e ca te  
hydroids in  th e  sp rin g  (Clark. 1975) w hereas ad u lts  are a sso c ia ted  w ith 
a th eca te  hyd ro ids. prim arily T ubu laria  spp. (Swennen, 1961: Miller. 1961:
Todd. 1981). D endrono tus h a s  a  laterally com pressed  body w ith  4-8 p a irs  of 
b ranched  c e ra ta  a n d  a  narrow  foot. The body is com m only w hitish , w h ereas  
large indiv iduals (>12 mm) m ay be m arbled w ith  red an d  brow n. E u ro p ean  
resea rch er have  reported  the  life sp a n  to be two years (Sw ennen. 1961: M iller. 
1961) b u t R obillard (1970, Pacific Ocean) a n d  Kuzirian (pers. comm.) feel th a t  
m ost ind iv iduals live ab o u t 1 y ear an d  die a fter spaw ning. M axim um  body  size 
is reported  to be  100 m m  (Thom pson an d  Brown, 1984) w ith  th e  m ajority o f 
ad u lts  in th e  G u lf of M aine be ing  closer to 5 0 -6 0  mm.
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Doto co ro n a ta  (Gmelin, 1791) is a  sm all dend rono tacean  n u d ib ran ch  w ith 
a n  am p h ia tlan tic  d is tribu tion . In the  sp rin g  and  su m m er, it is com m only 
associated  w ith  th eca te  hydro ids (Obelia spp., D vnam ena pum ila . a n d  
S ertu la ria  spp.) (Clark, 1975). Doto h a s  a  short, s q u a t, pale white-yellow body 
w ith  5-8  pairs  of cerata . T he cerata  h ave  circlets of red  tubercles o n  their sides. 
M axim um  body size is u su a lly  12 mm. Miller (1961) suggests th a t  D. coronata 
h a s  a t  least 2 generations p e r year w h ereas  C lark (1975) s ta tes  th a t  individuals 
live 3 -4  m on ths an d  popu la tions are n o t self-susta in ing . Spaw n h a s  been 
found  th ro u g h o u t the  year in  the  North S ea  (Swennen, 1961).
E u b ra n c h u s  exiguus (Alder and  H ancock, 1848) is  a  sm all, aeolid  
n u d ib ra n c h  w ith  a  boreal, am p h ia tlan tic  d istribu tion . It com m only occurs on 
colonies of th eca te  hydroids (Obelia geniculata) grow ing epiphytically  on algae 
(Clark. 1975), in  th e  shallow  sub tidal (E dm unds a n d  K ress, 1969) a n d  it is 
c ap ab le  of living in  b rack ish  w ater (Sw ennen, 1961). E. exiguus h a s  a  small 
(m axim um  body size = 8 m m ), pale white-yellow body w ith  up  to 5  p a irs  of 
inflated , w hite-tipped, u m -sh a p e d  cera ta . The cera ta  a n d  rh in o p h o res  usually 
have 2-3  olive green-brow n b a n d s  along th e ir  lengths. E. ex iguus is  a n  
opportun ist, specializing on  theca te  hydro ids (Todd, 1981). It h a s  m ultiple 
genera tions each  y ear (Clark, 1975) w ith  th e  m ajority o f indiv iduals spaw ning in  
th e  su m m er (Sw ennen, 1961),
Tergipes tergipes (Forskal, 1775) is a  small, aeolid  n u d ib ra n c h  with a 
boreal, am ph ia tlan tic  d is tribu tion . It is very com m on o n  colonies o f  Obelia 
gen icu lata  on L am inaria  spp . a n d  Z ostera sp . (Clark. 1975), an d  it is  most 
a b u n d a n t in early  sum m er fTodd, 1981). Tergipes h a s  a  pale body w ith  7-8 
cera ta , a  narrow  foot and  a  long, th in  tail. Usually, a  red-brow n s tre a k  is 
p re sen t on the  d o rsa l su rface  betw een th e  cerata. M axim um  body length  is
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a b o u t 8  mm. Tergipes h as  co n tin u o u s rec ru itm en t th ro u g h o u t the  y ear (Clark. 
1975). Its  generation  tim e c an  be a s  sh o rt a s  5 weeks (Swennen. 1961).
S tudy  site
A nim als w ere collected from a shallow  (4-10m). su b tid a l kelp bed  a t  Cape 
N eddick, York. ME (43° 10 N. 70° 36  W). W ater tem p era tu re  fluc tua ted  
seasonally  w ith a  m in im um  of 1°C in  F eb ruary  an d  a m axim um  of 18°C in 
A ugust (Lambert, u n p u b . data). A p e rm an en t kelp bed  h a s  been  p re se n t a t the 
tip of N ubble Island  a t  C ape Neddick for a t  least 20 y ears  (Harris, pers.com m .) 
(Figure 1). The bo ttom  is granitic  rock to a  dep th  of 12m a n d  below th a t sand . 
L am inarian  kelps (Lam inaria sacch arin a  a n d  L. digitata) dom inate  th e  canopy 
betw een dep ths of 3 - 12m. T he un d ers to ry  is an  assem blage  of filam entous and  
foliose red  and  green  algae. The dom inan t inverteb ra tes  p re sen t on prim ary  
s u b s tra ta  a re  m ytillid bivalves a n d  colonial su sp en sio n  feeders (bryozoans. 
cn id a rian s  and  tun ica tes). T he m ajority of kelp blade su rface s  a re  covered with 
the hyd ro id  Obelia gen icu lata  a n d  the  ectoproct M em branipora m em b ran acea  
(B erm an, e t al.. in  prep).
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Figure 1. Location of th e  s tudy  s ite  a t Cape Neddick, York, ME (43° 10' N, 
70° 36' W). In se t show s greater de ta il of the  a re a  a t  Cape N eddick 
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CHAPTER 1
TH E EPIFAUNA ASSOCIATED WITH COLONIES OF THE HYDROID OBELIA
GENICtJLATA
INTRODUCTION
EpibloLic species re la tionsh ips have b een  stud ied  o n  a  variety  of m arine  
a lgal su b stra te s : F u cu s  sen ratus (Stebbing. 1973: Seed, e t a l.. 1981), 
S a rg a ssu m  (Fine. 1970: Ryland, 1974). Posidonia (Boero. 1981: Casola. e t al..
1987), T halassia  (Heck and  O rth . 1980; O rth , e t al., 1984), a n d  lam in a rian  
kelps (Sloane. e ta l . .  1957; L'Hardy. 1962: Foster. 1975). M acroalgae a n d  
se a g ra sse s  provide fou r prim ary resources exploitable by m arin e  invertebrates: 
1. su rfa ce  area for sessile  o rgan ism s for a ttach m en t: 2. sh e lte r  a s  e ith e r a  
p e rm a n en t h ab ita t for seden tary  a n d  sessile  o rgan ism s or a  tem porary  h a b ita t 
for m o tile  species; 3. sed im ent tra p s  as  d e trita l m aterial a cc u m u la te s  w ith in  
h o ld fa s ts  and  fronds: 4. food for algal herb ivores and  for g razers  on m icrobial 
film s a n d  sessile ep ifauna  (Hayward. 1980). O n  kelp b lad es , th e  p rim ary  
re so u rce  provided is  tw o-dim ensional space. Space  is b e s t colonized by 
o p p o rtu n istic  sp ec ies  w ith sh o rt life sp an s  a n d  high grow th ra te s  (Seed a n d  
O’C o n n o r. 1981) b e c a u se  the physical p a ram ete rs  in th ese  h a b ita ts  p ro d u ce  a 
very dynam ic com m unity .
H ydroids a re  com m on epiphytes of lam in arian  kelps (L'Hardy, 1962; 
F oster. 1975; H ayw ard, 1980). O nce estab lished , hydroids influence the  
se ttlem e n t of m any  o th e r o rgan ism s. T un ica te  larvae (S tanding. 1976: Schm idt.
1983), m ussel la rvae  (Bayne. 1964, 1965) a n d  caprellid am p h ip o d s  (Keith.
1971) a re  a ttrac ted  to  hydroid colonies. T hese  investigators suggest th a t  th e  
a ttra c t io n  of larvae to  hydroid assem blages is a ttr ib u te d  to  a  physical refuge 
provided  by the  co lony understo ry . C ertain  hydro id  colonies have also b een
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show n to inh ib it sessile  organism s from a ttach in g  to the  su b s tra te . S tolons and  
hydrocau li of Obelia d lchotom a in terfere w ith th e  cem enting  action  of B alan n s 
cyprids (Standing. 1976) an d  H ydractln ia ech in a la  p revents se ttlem en t an d  
en croachm en t by o th e r organism s to space  it occupies (S u therland  and  
K arlson. 1977).
In  th e  G ulf of M aine s ta n d s  of th e  kelps Lam inaria saech a rin a  a n d  L. 
d ig ita ta  a re  relatively a b u n d a n t in  shallow , coasta l su b tid a l h ab ita ts . The 
hydroid  Obelia gen icu lata  often dom inates th e  su rfaces of kelp b lades an d  
provides a  h a b ita t for m any m otile ep ifauna. This s tu d y  exam ines the 
re la tionsh ip  betw een  Q. geniculata  a n d  its n o n -n u d ib ran ch  ep ifauna. The 
physical s tru c tu re  provided by the  hydroid com m unity  on kelp  blades, the  
sea so n a l varia tion  of ep ifauna a n d  th e  association  betw een the  hydroid a n d  the  
ep ifau n a  a re  described  for a  s tu d y  site  in  the  so u th e rn  G ulf of M aine.
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MATERIALS AND METHODS
Collection of Anim als
B lades o f L am inaria spp . were collected from th e  kelp bed a t  Cape 
N eddick, ME. Five kelp b lad es  with h igh  percent cover (50-100%) o f Q. 
gen icu la ta  were selected tw ice m onthly from  Ju n e . 1987 - May. 1989. Bare 
kelp  b lades (n = 25) were collected du rin g  the  su m m er of 1989 (May - August). 
E ach  kelp blade w as individually placed in  a  plastic bag  u n d e rw ater an d  th en  
b ro u g h t to the  lab . In the lab , each kelp b lade w as p laced  In a  0 .5  m m  m esh 
bag  a n d  stored in  a  recircu lating  seaw ater table un til p rocessed , w ith in  1-3 
days. P rocessing consisted  o f placing each  kelp b lade in to  8% MgCl2 for 20 
m in u te s  to narco tize  all m otile epifauna. All o rgan ism s were so rted  in  sea w a ter 
a n d  identified to  species or taxonom ic g ro u p  (copepods. gam m aridds, caprellids, 
flatw orm s. o s traco d s. polychaetes) while alive w ith a  d issec ting  m icroscope. 
O bservations on th e  general life stage (Juvenile, adult) of the  o rg an ism s were 
also  recorded.
A p erm an en t record of th e  kelp b lade  a n d  all a tta c h e d  e p ifa u n a  w as 
o b ta in ed  by tra c in g  the ou tline  o f the kelp blade onto  paper. C olony sizes of Q. 
g en icu la ta  and  a ll ectoprocts w ere  ob tained  by poking ho les in to  th e  kelp b lade  
w ith  a  pencil o n to  th e  tracing. A fterw ards, all a reas (cm^) were digitized w ith 
a n  A pple  II P lus com pu ter a n d  graphics tab le t. H ydrocauli were co u n ted  to 
q u an tify  the d e n s ity  of the hydro id  com m unity  (# /cm ^) an d  the  h e ig h t (mm) of a  
ra n d o m  su b sam p le  (15%) of a ll hydrocauli were m e asu re d  with a  d issecting  
m icroscope to iden tify  a vertical com ponent of the com m unity .
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S tatistica l Analysis
M ultiple regression  techn iques w ere used  to analyze the  com m unity  
ch arac te ris tic s  an d  define th e  m ost im p o rtan t com ponents of the  O. geniculata 
com m unity  correla ted  to th e  ab u n d an ce  of ep ifauna. A bundance  d a ta  were 
transform ed , sq u a re  root (x+0.5) or n a tu ra l log (x+1), to  ad ju st for nonnorm ality  
a n d  heterogeneous va rian ces  (Zar, 1984). Bonferoni a d ju s tm en ts  w ere m ade to 
accom odate  m ultip le  s ta tis tic a l tests. A bundances of each  species w ere 
s tan d a rd ized  ((ab u n d an ce /h y d ro id  colony area) * 100) to the size of the  hydroid 
colony to a d ju s t for different sized sam pling  u n its  (Seed, et al.. 1981).
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RESULTS
Species P a tte rn s  of A bundance
Hvdroid A bundance
The size  (cm^) o f th e  kelp b lades betw een the  two years of the  cen su s  were 
sim ilar (F = 0 .111. df = 1, 228. p = 0 .739). Generally, colonies of Q. geniculata  
recru ited  heavily in th e  spring, show ed high a b u n d a n c e s  in  the sp ring  and  
sum m er d u e  to rec ru itm en t and  vegetative growth before dying b ack  in the  fall. 
A m inor rec ru itm en t even t also occurred  during  la te  fall (early November).
Colony size of O belia geniculata on Lam inaria b lades collected during  the  
entire c e n su s  period averaged  161.97 cm 2 (SE = 8.68). They a lte red  the 
physical ch arac te ris tic s  o f the  sm ooth , flat b lades by providing d isco n tin u itie s  
(stolon netw ork) and  a  vertical com ponent (hydrocauli) to th e  kelp surface. 
Overall, th e se  colonies averaged 8 .2 m m  (SE = 0.2) in height w ith  a  density  of 
10.6 (SE = 0.3) hydrocauli per cm2 , b u t  there  w ere differences in  these  
param eters betw een y e a rs  (Figure 1-1). To determ ine if com ponen ts of the 
hydroid colony differed w ith in  a year, th e  year w as divided in to  4  seasons: 
sum m er (June-A ugust), fall (September-November), w inter (D ecem ber-February) 
a n d  spring  (March-May). Seasonal p a tte rn s  of Q. gen icu lata  colonies revealed a 
spring  p eak  a n d  a fa ll/w in te r low in  size, density  a n d  average h e igh t of the 
hydroid colony (Figure 1-2). This p a tte rn  was seen  for all p a ram ete rs  except 
colony size d u rin g  year 1 (1987-1988). In the  first y e a r colony size w as largest 
in  the w in te r (157.53 c m 2 ) and  sm alles t in the  su m m e r (83.00 cm 2 ). This m ay 
be  a ttr ib u te d  to the a b se n c e  of an  A ugust sam ple in  1987 w hen  hydroid 
colonies in  th e  kelp bed  a re  norm ally large and  lu x u rian t.
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Abundances of Epifauna
Seventeen ta x a  rep resen ting  6  phyla were found  frequently  (in >10°/o of 
sam ples) in the h y d ro id  colony: 10 were motile m icrofauna. 4  w ere  predatory 
n u d ib ra n c h s  (C h ap ter 2) and  3 w ere  sessile spec ies  (Table 1-1).
Motile ep ifau n a  were u su ally  p resen t on all b lades collected during the 
c e n s u s  (Figure 1-3A); represen ta tives of each tax o n  were collected in  most 
m o n th s . Overall, a b u n d an c e s  of e a c h  taxon w ere le ss  than  20  individuals p e r 
100 cm ^ of kelp su rfa ce  (Figure 1-3B). The h igh  overall a b u n d a n c e  of Mvtilus 
ed u lis  is a ttrib u ted  to heavy rec ru itm en t during th e  sum m er. T h e  motile 
e p ifa u n a  on kelp b la d e s  w ithout Q. geniculata w as m ore sp o rad ic  an d  
a b u n d a n c e s  were m u c h  lower (F igure 1-3B), suggesting  th a t th e  hydroid colony 
h a s  a  positive in flu en ce  on the rec ru itm en t of th e se  organism s. T h e  seasonal 
a b u n d a n c e  p a tte rn s  o f each com m on taxon are  described  below.
G am m arid am p h ip o d s w ere p re sen t on 91 .7%  of all kelp b la d e s  collected 
d u r in g  the  cen su s  period . A bundances peaked in  th e  spring o f e a c h  year (May), 
declined  th rough th e  sum m er a n d  w ere low in th e  fall and w in te r  (Figure 1-4A). 
The sm all peaks o f a b u n d an c e  in  th e  early w inter m ay rep resen t rep roduction  o f 
the  y e a r 's  first co h o rt (Donn. 1983).
B oth  calanoid a n d  harpactico id  copepods w ere  found in  sam p les , however, 
h a rp ac tico id s  w ere a  very m inor com ponen t a n d  therefore all co p ep o d  
a b u n d a n c e s  were pooled. C opepods were ab se n t from  only 2 .2%  o f kelp b lad es  
collected. H ighest a b u n d an c e s  o f copepods w ere found in the  w in te r  and sp r in g  
w ith  low s in the s u m m e r (Figure 1-4B). Peaks in  ab u n d an ce  o ccu rred  at 
re g u la r  intervals o f 6 -8  weeks excep t through th e  sum m er.
Caprellid a m p h ip o d s  were a b u n d a n t  in the  sp rin g  and  s u m m e r  and 
d ec rea sed  in Ju ly  o f e ac h  year of th e  census (F igure 1-4C). T hey  w ere p resen t
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on 59% of kelp b lades collected. In the  sp ring  of 1988 a  large num b er of 
juvenile caprellids recru ited  to the  hydroid colonies on kelp blades. 90% of all 
caprellids w ere newly settled . T his p eak  w as followed in  May, 1988 by a large 
n u m b er of a d u lts  carry ing  ova. O ne-to-three  peaks in  a b u n d an ce  occurred  in 
the  sp rin g  a n d  su m m er w ith  a  decline in  overall a b u n d an c e  from la te  su m m er 
th rough  w inter.
M vtilus edu lis  w as the  m ost a b u n d a n t organism  on kelp b lad es  covered 
w ith Q. g en icu la ta . M ussels w ere p re sen t on 95.7%  of all kelp b lades. A large 
pu lse  of rec ru itm en t of M vtilus occurred  in  the  su m m er of each  y ear of the  
cen su s  a n d  a  sm aller peak  occurred  in  the  fall of 1988 (Figure 1-5A). All 
m ussels  collected w ere less th a n  1 m m  in valve length  suggesting  th a t 
pediveligers u se  the  hydroid colony a s  a n  a re a  for p rim aiy  se ttlem en t (Bayne. 
1964) before secondarily  se ttlin g  in to  a d u lt h ab ita ts .
L acuna vincta show ed h ighest a b u n d an ces  in  th e  w inter a n d  sp ring  while 
being essen tia lly  a b se n t in each  su m m er (Figure 1-5B). L acuna w as found on  
87.4%  of kelp  b lades collected an d  w as found in  each  m o n th  of th e  c en su s  
except S ep tem ber. 1987. Egg m asses  w ere found a tta ch e d  to the  su rface  of 
kelps in  w in te r (D ecem ber-Februaiy) only. W inter sam p les  were dom ina ted  by 
snails w ith  sh e lls  less th a n  1 m m  in  length . All snails  found a t  o th e r tim es 
were larger (>2 mm).
M ites w ere com m on ep ifauna  on kelp b lades covered w ith  Q. g en icu la ta : 
they w ere p re se n t on 93%  of kelp b lades. A lthough num erically  h igher 
a b u n d an c e s  o f m ites w ere found  in  the  sp ring  an d  su m m er of each  year, 
ab u n d an ce  p eak s  occurred  a t  regu lar in tervals of 10-12 w eeks th ro u g h o u t the  
year (Figure 1-6A).
O straco d s w ere collected from  87.8%  of all kelp b lades. A lthough the  
h ighest a b u n d a n c e s  w ere found in  th e  la te  fall an d  w in ter of each  year, they
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h ad  regu lar p eak s  in a b u n d an ce  a t 8 -1 0  weeks in tervals th ro u g h o u t the  c en su s  
(Figure 1-6B).
S em ib a lan u s  balano ides se ttled  on  kelp b la d es  in the  sp rin g  of each y e a r 
an d  a b u n d a n tly  in 1989 (Figure 1-6C). B arnacles were p re sen t only du rin g  this 
period of h igh  cyprid settlem en t. T here  was no d is tin c t d is trib u tio n  p a tte rn  to 
the  b a rn ac le s  on the kelp b lade su rface  (sensu S tand ing . 1976). B arnacles 
were p re sen t on  9.6% of kelp  b lades collected d u rin g  the two y ears .
T u rb e lla rian  flatw orm s were ra re  in term s o f  ab u n d an ce  a n d  were p re se n t 
on  only 29 .6%  of kelp b lades, being m ost a b u n d a n t in the sp rin g  and  su m m e r 
(Figure 1-7A). Peaks in  ab u n d an ce  occurred  reg u la rly  (every 10-12 weeks) 
d u ring  the  firs t 14 m o n th s  of the s tu d y , but flatw orm s were essen tia lly  a b s e n t  
from S ep tem ber. 1988 - February. 1989.
Syllid polychaetes w ere  com m on during th e  su m m er of e a c h  year (F igure 
1-7B). A lthough  o ther polychaetes (cirratulids. terebellids a n d  polynoids) a lso  
occurred, sy llids dom inated  all sam p les  when polychaetes w ere  p resen t.
Ju ven ile  sy llids (<5 segm ents) were found  a b u n d an tly  in the  su m m e r w ith  a  
sm aller p u lse  in  early w in te r (December). Syllid polychaetes w ere  p resen t o n  
47%  of kelp b lad es  collected during  th e  census.
Two sp ec ies  of ectoproct were p re sen t on k e lp  blades: E lec tra  pilosa a n d  
M em branipora m em b ran acea . The a b u n d an ce  o f ectoprocts w a s  low in th e  first 
y ear of the s tu d y  (June, 1987 - May. 1988). w hen  only  E lectra occupied sp a c e  
on  kelp b la d es  (Figure 1-8A). In the  second  year (Ju n e , 1988 - May. 1989) 
ab u n d an ces  of ectoprocts on  kelp b la d es  increased  by a n  o rd e r o f m ag n itu d e  
a n d  w as solely a ttr ib u ta b le  to the p resen ce  of M em branipora  m em b ran acea  
(Figure 1-8B). The a b u n d a n c e  of E lec tra  on kelp b lad es  betw een  the  two y e a r s  
of th e  c e n su s  w as sim ila r (year 1 = 0 .6 1  cm^ (SE=0.14), year 2  = 1.00 cm ^ 
(SE=0.34); F= 2 .459 , d f= l. 228, p = 0 .118). E lectra w a s  found o n  46.1%  of a ll
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kelp b lades an d  occupied 0 .81 cm 2 (S E = 0.19) per 100 cm 2 kelp surface. 
M em branipora w as first collected in Ju ly . 1988 an d  w as p resen t on 67.5%  of 
kelp b lades d u rin g  the  second  year of th e  cen su s  w hile being a b se n t in  year 1. 
M em branipora occupied 7 .25  cm 2 (SE=1.03) per 100 cm 2 of kelp surface.
Factors Affecting Species A bundances
Motile Epifauna
A b u ndances o f all m otile ep ifauna except flatw orm s were positively 
a sso c ia ted  w ith th e  size (area) o f the  hydroid  colony (Table 1-2 to 1-4). The 
re la tionsh ip  betw een  epifaunal a b u n d an ce  and  hydroid colony size w as not 
d ep en d en t on  kelp  b lade size a lth o u g h  th e  size of a  hydroid  colony is  related  to 
the  size of the  kelp  b lade (t=8.403, p<0.001). The size of th e  kelp b lad e  w as 
negatively a sso c ia ted  w ith th e  a b u n d an c e  of syllid polychaetes (Table 1-4C). 
T hese d a ta  sug g est th a t hydroid  colony size in  the is lan d  influencing  
rec ru itm en t of m otile  ep ifauna.
Colonies o f Q. gen icu lata  a ltered  th e  su rface  of th e  kelp by providing 
su rface  d iscon tinu ities  (sto lons a n d  hydrocauli) an d  a  vertical com ponent. 
D enser colonies o f Q. gen icu lata  had  h igher a b u n d an ces  o f gam m arid  
am p h ip o d s (Table 1-2A), copepods (Table 1-2B). L acuna (Table 1-3B), m ites 
(Table 1-3C) a n d  flatw orm s (Table 1-4B) w hile syllid polychaetes w ere found on  
colonies w ith  low er densities o f hydrocauli (Table 1-4C). T hree tax a  
(gam m arids, cap rellids an d  m ites) show ed a  positive re la tionsh ip  w ith  colony 
heigh t (Table 1-2A, 1-2C, 1-3C respectively) an d  M vtilus (Table 1-3A) had  a 
negative re la tionsh ip . This suggested  th a t  the physical s tru c tu re  provided by 
colonies o f Q. gen icu lata  affects rec ru itm en t of motile ep ifauna.
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Sessile O rgan ism s
B arnacle  a b u n d an c e  w as positively associated  w ith  only one p a ram ete r of 
the  com m unity, average height of the  hydroid colony (Table 1-5A). T his 
suggested  th a t  cyprids selected  su b s tra te s  w hich w ere c lear b u t provided some 
s tru c tu re  or a n  understo ry . The a b u n d an ces  of E lectra a n d  M em branipora 
show ed very different p a tte rn s . E lectra  w as not associated  w ith  any  physical 
p a ram ete r of the  com m unity, while M em branipora w as positively re lated  to the 
size of the  kelp b lade a n d  negatively assoc ia ted  w ith the  colony size of Q. 
geniculata  a n d  density  of hydrocauli (Table 1-5B). This s u ggested  th a t larvae of 
M em branipora settle  on the largest su b s tra te  available th a t  is c lear of o ther 
sessile  ep ifauna.
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DISCUSSION
A bundance peak s  of m o st species in th e  ep ifaunal com m unity  on 
L am inaria  spp. b lad es  covered w ith  Obelia gen icu lata  occurred  in th e  sp rin g  
a n d  su m m er m o n th s  (Figure 1-4 to 1-7). A lthough seasonality  in  reproductive 
p a tte rn s  of o rg an ism s h as  b een  suggested  to b e  the  p rim ary  cause  of varia tion  
observed  in m any  system s (S u therland  an d  K arlson, 1977; O sm an. 1978;
E dgar. 1983b; B ros. 1987a), com m unity  s tru c tu re  (complexity) also p lays a n  
im p o rtan t role (Coyer. 1984; B ros. 1987b; H all a n d  Bell. 1988). The p au c ity  of 
o rgan ism s on b a re  kelp b lades collected d u rin g  the  su m m er of 1989 (Figure 1- 
1B) suggested  th a t  seasonality  in  reproductive p a tte rn s  w as a  m inor force 
s tru c tu r in g  the  k e lp /h y d ro id  com m unity  w h en  com pared to kelp b lades covered 
w ith  (2. gen icu la ta .
Motile E p ifauna
H abitat com plexity  in c reased  the  a b u n d an c e  of m any  o rg an ism s on  algal 
a n d  artificial s u b s tra te s  (Edgar, 1983c; Bros. 1987b; Hall a n d  Bell, 1988; 
L am bert, unpub . da ta). A lthough Obelia is a  p red a to r an d  can  a c t a s  a  larval 
filter (S tanding, 1976), invasion by  epifauna c a n  occur by larvae overw helm ing 
th e  hydroid  colony (differential survival du rin g  settlem ent) or by active 
behav ioral m ech an ism s (Meadows an d  Cam pbell. 1972). O nce o rgan ism s have 
successfu lly  rec ru ited  to a  kelp b lade  with Q. g en icu la ta . they  benefit by refuge 
from p reda tion  by  fish , food re so u rce s  or physica l s tru c tu re  for a tta c h m e n t 
(V im stein  and  H ow ard, 1987).
S tru c tu ra l com plexity in te rfe res  w ith p rey  cap tu re  ra te s  of fish (Heck and  
O rth . 1980; M artin , 1988). T he w rasse  T au togo labrus a d so e rsu s  (cunner) is a  
com m on p redato ry  fish  on ep ifau n a l com m unities in the  so u th e rn  G ulf o f M aine 
(M artin. 1988; p e rs . obs.) an d  re c ru its  heavily to  shallow, su b tid a l h a b ita ts  in  
Ju ly  a n d  A ugust (Levin, u n p u b . d a ta : pers. obs.). S tom ach  co n ten ts  of Juvenile
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c u n n e r  from C ape Neddick were dom inated  by c ru s tacean s  a n d  juvenile 
m u sse ls  (Clark, u n p u b . data). T he decrease in  a b u n d an ces  o f c ru s tacean  
ep ifauna  on L am inaria  b lades d u rin g  late su m m er m onths m ay  be due to h igh 
p red a tio n  by cu n n er. M artin (1988) showed th a t  caprellid am ph ipods a re  
afforded greater pro tection  from  c u n n e r by filam entous ra th e r  th an  flat-b laded  
algae. H all and  Bell (1988) m an ip u la ted  the sessile  com m unity  of blades of 
T ha lla ssia  and  show ed th a t a b u n d a n c e s  of c ru s ta c e a n  ep ifau n a  were positively 
co rre la ted  w ith the  am o u n t of epiphytic algae. T hey suggested  these  h a b ita ts  
served a s  a  p reda to r refuge from fish  and  large invertebrates.
T h e  herb ivorous snail L acu n a  vincta is o ften  found on  lam in arian  k e lp s 
(Fralick, e t al.. 1974). While b a re  kelp blades provide a n  a b u n d a n t  food 
re so u rce  for L acu n a , they  do n o t afford any p ro tec tion  from predation . V ery few 
snails  w ere found o n  b are  kelp b la d es  (Figure 1-1B) com pared  to  kelp b la d es  
covered w ith  Q. g en icu la ta . S n a ils  c an  find p ro tec tion  from fish  predation  
w ith in  a  hydroid colony and  still re ta in  access to th e  rich food resource.
Active selection for food o r physical s tru c tu re  for a tta c h m e n t m ay b e  a n  
a lte rn a tiv e  m echan ism  s tru c tu rin g  th e  ep ifaunal com m unity  w ith in  colonies of 
Q. gen icu la ta  on  L am inaria . C aprellid  am ph ipods select s u b s tra te s  th a t c a n  be 
easily g rasped  (Bynum , 1978; C aine. 1978) a n d  increase  th e ir  feeding 
effectiveness (Keith. 1971; Caine. 1978). As su sp en sio n  a n d  d e trita l feeders, 
cap rellids m ay c a p tu re  food m ore easily  and  find m ore food in  filam entous 
h a b ita ts  b ecause  food particles m ay  be slowed a n d  su sp en d ed  longer in  th e  
colony understo ry . T he m ajority o f caprellids found  on kelp b lad es  covered with 
Q. gen icu la ta  in  th e  sp rin g  a n d  su m m er were ju v en iles  (<3 m m ) w hereas M artin  
(1988) a t  th e  sam e s ite  found low er a b u n d an c e s  o f  caprellids in  phytal 
com m unities  in th e  su m m er th a n  th e  winter. Ju v en ile  cap re llid s  are 
tran slu cen t-w h ite  a n d  possibly m ore  cryptic in  O belia colonies. Also they  m ay
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find hydroid hydrocauli easier to grasp  th a n  the  relatively thicker thalli of 
filam entous algae, th u s  a  hydroid  com m unity  provides a  "better" h a b ita t for 
th ese  sm all an im als.
M vtilus edu lis  is a  su sp en sio n  feeding bivalve w hose prim ary se ttlem en t 
occu rs  in to  filam entous com m unities (hydroids, bryozoans an d  algae) (Bayne, 
1964; 1965). M uch g rea ter a b u n d an c e s  of m u sse ls  se ttled  onto kelp b lades 
covered w ith  £>. genicu lata  th a n  onto  b a re  kelp b lades (Figure 1-1). In  addition, 
m ytilids settled  m ore heavily on  plexiglas p an e ls  w ith artificial vertical s tru c tu re  
(hydroid m im ics) th a n  b a re  p anels  (Lam bert, u n p u b . data). Bayne (1964) 
suggested  th a t  se ttlem en t of pediveligers m ay include a  tactile  recognition  of 
su itab le  su b s tra te s . It is likely th a t th is  m echan ism  occu rred  in  th e  hydroid 
com m unity . Also, hydroids a lte r the physical conditions a n d  hydrodynam ics a t 
th e  su rface  level (Williams. 1964; Dean, 1981) of the  su b s tra te  they colonize. 
T he modified h a b ita t m ay facilitate food partic le  c ap tu re  by Juvenile m u sse ls  by 
m ain ta in in g  partic les In su sp en sio n , slow ing particles th ro u g h  the  colony 
u n d e rs to ry  a n d  by producing  eddies th a t ex tend  the tim e in  w hich food is 
available for cap tu re .
Sessile E p ifauna
B arnacles  (S em ibalanus balanoides) se ttle  heavily to n a tu ra l a n d  artificial 
su b s tra te s  in  th e  so u th e rn  G ulf of M aine du ring  the  sp rin g  (March-April) (Harris 
a n d  Irons. 1982; Lam bert. 1985). H igher ab u n d an ces  of ba rn ac les  w ere p resen t 
on  lower sides of opaque su rface s  (Verny, u n p u b . data). In  th is  s tu d y , 
b a rn ac le s  w ere found only on  b lades of Lam inaria spp. from  A pril-Ju n e  (Figure 
1-4C). Kelp b lad es  provide a  flat, opaque su rface  for se ttlem en t b u t th e  
flexibility o f th e  frond an d  m ovem ent by su rg e  an d  w aves m u s t d e tach  
b arn ac les . The se ttlem en t of b a rn ac le s  onto  kelp b lades ap p ea rs  to b e  a
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consequence  of heavy  rec ru itm en t from th e  plankton; cyprids th a t a re  
com peten t to m etam orphose  a tta c h  to a lm o st any rigid, opaque surface.
T h e  d istrib u tio n  of b a rn ac le s  (3- balanoidesl on kelp  b lades covered with 
O. gen icu la ta  show ed no d iscem ab le  p a tte rn . A ttached b arnacles  were found 
on p o rtio n s  of the  kelp  lacking Q. geniculata  an d  In th e  cen te r of colonies w here 
hydrocau li are ta llest. At tim es barnacle  te s ts  were a lso  a top  s to lons. S tand ing  
(1976) w orking w ith  B alanus c re n a tu s  show ed th a t b a rn ac le s  settle  m ore 
a b u n d a n tly  on su rface s  w ithout Obelia d icho tom a. He suggested  th a t 
hyd rocau li and  s to lo n s  block co n tac t betw een the  cyprid a n d  the  se ttlin g  
surface. B. c re n a tu s  h as  a  calcareous b ase , while 3 . b a lano ides h a s  a 
m em b ran o u s base. The m em branous b a se  m ay provide flexibility to 3- 
ba lan o id es  th a t red u ces  the in terference effects of hydrocau li an d  s to lo n s  an d  
allows se ttlem en t w ith in  the  hydroid  colony.
P rio r to 1987. E lectra p ilosa  was the  only  en cru stin g  ectoproct on b lades 
of L am inaria  spp.. M em branipora m em branacea  w as f irs t observed in  the 
su m m er o f 1987 (Berm an, e t a l., in  prep.). S ince 1987 th e  a b u n d a n c e  of 
ectoprocts on L am inaria  h a s  increased  by a n  order of m ag n itu d e  (Figure 1 -6) 
and is so lely  due to th e  p resence o f M em branipora.
T h e  presence o f E lectra o n  kelp b lades w as not re la ted  to an y  p a ram ete rs
i
of the  k e lp /h y d ro id  com m unity . E lectra is found  m u ch  m ore a b u n d an tly  on the  
red a lga  C h o n d ru s  c rlsp u s  (B erm an, et al., in  prep.; p e rs . obs.). Kelp b lades a re  
a sec o n d a ry  h ab ita t for E lectra . The area covered by M em bran ipora  o n  kelps is 
positively asso c ia ted  w ith  the size  of the kelp  blade b u t  negatively re la ted  to 
hydroid colony size a n d  density  o f hydrocauli in  the colony (Table 1-5B). It is 
not su rp ris in g  th a t colony size o f M em branipora is re la ted  to kelp b lad e  size, 
bu t la rg e r colonies o f  M em branipora are  on  kelp  b lades w ith  less Q. g en icu la ta . 
This ph en o m en o n  suggested  th a t  e ither th e  cy p h o n au tes  larvae of
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M em branipora a t se ttlem en t actively select kelp su rfaces  w ithou t O. geniculata  
o r  if no selection  by larvae occurs, th a t  Q. geniculata p reven ts se ttlem en t of 
M em bran ipora . possibly by feeding on  larvae a s  they  sw im  into  the  colony 
fsensu  S tand ing . 1976). P re-se ttlem ent com m unity  s tru c tu re  seem ed to create 
th e  observed p a tte rn s  b ecau se  once settled . M em branipora ap p ea rs  to overgrow 
all o ther o rgan ism s (Berm an, et al., in  prep.; pers . obs.). Q. gen icu lata  does 
have  a  tem porary  vertical refuge from overgrowth by M em branipora b u t 
eventually  even hydrocauli a re  covered by M em branipora (pers. obs.). A lthough 
M em branipora app ears  to be  a  d o m inan t com petitor (sensu  Jac k so n . 1977). the 
im pact of th is  new  species on ben th ic  com m unities in the  G ulf of M aine is still 
unknow n a n d  requires fu r th e r a tten tion .
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Figure 1-1 Analysis of param eters of hydroid colonies on lam inaria spp.
blades between the two years of the census (year 1: June, 1987 -
May, 1988, year 2: June, 1988 - May. 1989).
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Figure 1-2. M ean (+SE) seaso n al variation in  size, density  a n d  m ean  h e ig h t of 
Obelia geniculata  colonies on L am inaria  spp. b lades collected a t 
Cape Neddick. ME. Horizontal lin es  indicate significant 
d ifferences (p<0.006) between sea so n s  for e ach  param ete r a s  
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Figure 1-3 (A) Percent occurrence a n d  (B) m ean  a b u n d an ces  (+SE) of motile 
ep ifauna  on  kelp b lades fLam inaria spp .) covered w ith  Qbcl.ia 
gen icu lata  (n=230) an d  b a re  kelp b lad es  (n=25).
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In x spp /  100 cm^ Kelp Percent Occurrence
Figure 1- Mean abundances of crustacean epifauna (+SE) at Cape Neddick,
ME on blades of Laminaria spp. covered with Obelia geniculata.
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Figure 1-5 Mean abundances (+SE) of molluscan epifauna a t  Cape Neddick,
ME on blades of T-aminaria spp. covered with Obelia geniculata.
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Figure 1-6. Mean abundances (+SE) of mites, ostracods and barnacles a t
Cape Neddick. ME on blades of Laminaria spp. covered with
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Figure 1-7 M ean a b u n d a n c e s  (+SE) of tu rb e lla rian  flatw orm s a n d  syllid 
polychaetes a t  C ape Neddick, M E on  b lad es  of L am inaria  spp . 
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Figure 1-8. M ean a b u n d an ce  (+SE) of ectoprocts a t C ape Neddick. ME on
b lad es  of L am inaria  spp . covered w ith  Obelia gen icu lata  from  A) 
J u n e . 1987 - May. 1988 a n d  B) J u n e . 1988 - May. 1989. 
A b u n d an ces  (cm^j s tan d ard ized  to a rea  of th e  kelp  b lade. No 
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Table I - 1. Taxa com m only found on b lades of L am inaria  spp. covered wilh 








CaprelUd am phipods 
Copepods
G am m arid  am phipods 
O stracods
S em ib a lan u s balanoides
E ctoprocta
E lectra  pllosa
M em branlpora m em branacea
M ollusca
Bivalvia
M vtlius edu lis 
G astropoda
D endrono tus frondosus 
Doto co ronata  
E u b ra n c h u s  exiguus 




T u rb ellarian  flatworm s
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Table 1-2. Multiple regression  a n a ly se s  of p a ram ete rs  of the  kelp /hydro id  
com m unity . Model: In species a b u n d an c e  = c o n s ta n t + sq r kelp a rea  (cm2 ) + 
sqr hydro id  area  (cm^) + sqr d en sity  of colony (# /c m 2) + height of colony (mm).
Variable C oeffic ien t (SE) t p
A. G am m arid  am p h ip o d s
C o n stan t -2 .033  (0.611) -3.328 0.001
K elp area -0 .016  (0.014) -1.166 NS
Otaelia area 0 .106  (0.024) 4 .504 <0.0001
O bella densitv 0 .6 1 8  (0.152) 4 .076 0.0001
O belia height 0 .1 6 8  (0.039) 4.348 <0.0001
B. C ooepods
C o n stan t -1 .212 (0.574) -2 .110 0 .036
Kelp area 0 .014  (0.017) 0.813 NS
O belia area 0 .074  (0.020) 3 .668 0 .0003
O belia densitv 0 .812  (0.131) 6 .178 <0.0001
O belia height 0 .017  (0.032) 0 .520 NS
C. C aprellid  am ph ipods
C o n sta n t -46 .045  (38.819) 1.363 NS
Kelp area -1 .390  (0.755) -1.841 NS
O belia area 3 .2 8 5  (1.309) 2 .509 0 .013
O belia densitv 0 .7 3 7  (8.390) 0 .088 NS
O belia heieht 6 .872  (2.133) 3 .220 0.002
45
Table 1-3. M ultiple regression  analyses of param eters of th e  kelp /hydro id  
com m unity. Model: In sp ec ies  ab u n d an ce  = constan t + s q r  kelp area (cm^) + 
sq r hydroid a re a  (cm^) + sq r  density  of colony (# /cm^) + h e igh t of colony (mm).
Variable C oeffic ien t (SE) t  p
A. M vtilus edu lis
C o n stan t -1 .844 (9.306) -0 .1 9 8 NS
Kelp a rea 0 .290  (0.208) 1 .394 NS
Obelia a rea 2 .036 (0.360) 5 .6 4 9 <0 .0001
Obelia densitv -1 .993 (2.309) -0 .863 NS
Obelia he igh t -1 .288 (0.587) -2 .193 0 .029
B. Lacuna v incta
C o n stan t -1 .083 (0.605) -1 .790 NS
Kelp a re a -0 .006  (0.013) -0 .4 1 4 NS
Obelia a rea 0 .086  (0.023) 3 .6 6 8 0 .0 0 0 3
Obelia densitv 0 .682 (0.150) 4 .5 4 8 <0 .0001
Obelia he igh t -0 .002  (0.038) -0 .039 NS
C. Mites
C o n stan t -2.551 (0.784) -3 .253 0.001
Kelp a re a 0 .033  (0.017) 1.864 NS
Obelia a re a 0 .0 7 9  (0.030) 2.601 0 .0 1 0
Obelia densitv 0 .71 0 (0 .1 9 4 ) 3 .653 0 .0 0 0 3
Obelia he igh t 0 .2 0 7  (0.050) 4 .1 4 6 <0 .0001
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Table 1-4. M ultiple regression  analyses of p a ra m a te rs  of the  kelp /hyd ro id  
com m unity. Model: In species ab u n d an ce  = c o n sta n t + sq r kelp area  (cm2 ) + 
sq r hydroid a re a  (cm2) + sq r density  of colony (# /cm 2) + he igh t of colony (mm).
Variable C oeffic ien t (SE) t  p
A. O stracods
C o n stan t 0 .524  (0.581) 0.901 NS
Kelp a rea 0 .007  (0.013) 0 .504 NS
Obelia a rea 0 .149 (0.023) 6 .628 <0 .0 0 0 1
Obelia densitv 0 .068  (0.144) 0.473 NS
Obelia h e ieh t -0 .028  (0.037) -0.759 NS
B. Flatw orm s
C o n stan t -1 .335  (0.874) -1.528 NS
Kelp a rea -0 .009 (0.020) -0.482 NS
Obelia a rea 0 .017  (0.034) 0 .490 NS
Obelia densitv 0 .436  (0.217) 2.022 0.044
Obelia h e ieh t 0 .078  (0.055) 1.421 NS
C. Svlllds
C o n stan t 0 .866  (0.466) 1.859 NS
Kelp a rea -0 .030 (0 .010 ) -2.852 0.005
Obelia a rea 0 .139  (0.018) 7 .727 <0.0001
Obelia densitv -0 .485  (0.116) -4.199 <0.0001
Obelia h e ieh t 0 .0 4 5  (0.029) 1.545 NS
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Table 1-5. M ultiple regression  analysis of pa ram ate rs  of the kelp /hvdro id  
com m unity. Model: In species a b u n d an ce  = co n stan t + sq r kelp a re a  (cm2 ) + 
sqr hydroid  a re a  (cm2) + sq r  density  of colony (# /cm 2 ) + height of colony (mm).
Variable C oeffic ien t (SE) t  p
A. B arnacles
C o n stan t -1.074 (0.715) -1 .502 NS
Kelp a rea 0 .017  (0.016) 1.090 NS
Obelia a re a -0.029 (0.028) -1 .0 5 5 NS
Obelia densitv 0 .234 (0.177) 1.319 NS
Obelia he igh t 0 .162 (0.045) 3.591 0 .0 0 0 4
B. M em branioora
C o n stan t 7.692 (2.009) 3 .8 2 8 0 .0 0 0 2
Kelp area 0 .090 (0.045) 2 .0 1 7 0 .0 4 5
O belia a rea -0 .237 (0.078) -3 .0 4 7 0 .0 0 3
Obelia densitv -0 .866 (0.499) -1 .7 3 8 NS
Obelia height -0 .086  (0.127) -0 .6 7 8 NS
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CHAPTER 2 .
DISTRIBUTION AND ABUNDANCE OF NUDIBRANCHS WITHIN COLONIES 
OF THE HYDROID OBELIA GENICULATA
INTRODUCTION
Colonization p rocesses o f epibiotic o rgan ism s have b een  s tu d ied  o n  m any 
algal s u b s tra te s  (Fine, 1970; S tebbing. 1973; Heck a n d  O rth . 1980; Boero,
1981; Casola, e t a l.. 1987). M acroalgae provide four p rim ary  reso u rces  for 
exploitation by m arin e  organism s: su rface  area , shelter, sed im en t tra p s  and  
food (Hayward. 1980). On kelp  blades th e  m ajor lim iting resou rce  is two- 
d im ensional living space. S p ace  can  be colonized b e st by  o p p o rtu n istic  species 
w ith relatively s h o r t life sp a n s  a n d  high grow th  ra tes  (Seed an d  O 'C onnor, 1981) 
b ecau se  the physica l p a ram ete rs  of th ese  h a b ita ts  p roduce  a  veiy dynam ic 
com m unity . Som e p reda to rs  show  a  very close affinity to p a rtic u la r  p rey  
in h ab iting  the algal fronds, b u t  little w ork h a s  been  done describ ing  th e se  
re la tio n sh ip s  (Seed. 1986).
H ydroids a re  co n sp icu o u s ep ifauna on  lam inarian  kelps. O nce 
estab lished , a  hyd ro id  colony influences th e  se ttlem en t o f m any  o rgan ism s, 
particu la rly  p re d a to rs  (Harris, 1973; Todd. 1981). The assoc ia tion  be tw een  
n u d ib ra n c h s  a n d  th e ir  food re so u rce  is u n iq u e  becau se  th e  n u d ib ra n c h s  are  
generally  specialized co n su m ers  (Braam s a n d  Geelen, 1953; M cBeth. 1971). 
They a re  also  p a rtia l p reda to rs  (Harvell, 1984) w ith the  a b u n d an c e  a n d  
availability  of th e ir  prey often determ in ing  th e ir  reproductive potential a n d  
surv ivorsh ip  (Thom pson, 1964; H arris. 1973). M etam orphosis of n u d ib ra n c h  
larvae is  s tim u la ted  by  cues asso c ia ted  w ith  a d u lt food a n d  h ab ita t (Todd. 1981: 
B urke. 1983; H adfield. 1984). N ud ib ranchs accu m u la te  w ith in  a  hydroid  
colony, a n d  poten tia lly  overw helm  it (Lam bert. 1985; Todd a n d  H avenhand .
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1989). a lth o u g h  th is phenom enon  is n o t verified. O ften, m any n u d ib ran ch  
species live w ith in  a  single hydroid colony (Kuzirian. 1979; pers. obs.).
In th e  G ulf of M aine s ta n d s  of th e  kelps L am inaria  sacch a rin a  and  L. 
dig ita ta  a re  relatively a b u n d a n t in  shallow  su b tid a l h ab ita ts . T he  hydroid 
Obelia gen icu lata  often d om inates the  su rfaces  of kelp  b lades a n d  harbo rs  4 -5  
n u d ib ra n c h  species. T his s tu d y  exam ined the  asso c ia tio n  betw een  Q. 
gen icu lata  a n d  its n u d ib ran ch s. The seaso n al varia tion  of n u d ib ra n c h s  a n d  the  
asso c ia tio n  betw een  the  hydroid  an d  th e  n u d ib ra n c h s  a re  d escribed  for a  s tu d y  
site  in the  G u lf of Maine. T he physical s tru c tu re  provided by th e  hydroid on 
kelp b lades w as  described previously (C hapter 1).
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MATERIALS AND METHODS
Collection of A nim als
Colonies of O belia geniculata were collected from the  kelp bed  a t  Cape 
Neddick, ME twice m onth ly  from  Ju n e , 1987 to May. 1989. Five kelp b lades 
fLam inarla sacch a rin a  an d  L. digitatal w ith h igh  coverage of O. geniculata  (50- 
100%) w ere selected  du rin g  each  sam pling  period. B are kelp b lades (n = 25) 
were collected d u rin g  the  su m m er of 1989 (May - A ugust. 1989). E ach  kelp 
b lade w as placed individually in  a  p lastic  bag  un d erw ater a n d  th e n  b ro u g h t to 
the  lab . In the  lab. each  kelp b lade w as placed in  a  0 .5  m m  m esh  bag and  
sto red  in  a  rec ircu lating  seaw ater tab le  u n til processed, w ith in  1-3 days. 
P rocessing  consisted  of placing each  kelp b lade  in to  8% MgCl2 for 20  m in u tes  
to narco tize  all m otile ep ifauna. N ud ib ranchs w ere so rted  alive, in  sea  w ater, 
identified to species w ith  a  d issecting  m icroscope an d  sized to the  n e a re s t mm. 
P resence  of juvenile  n u d ib ra n c h s  w as u sed  to determ ine m ajor rec ru itm en t 
periods of each  n u d ib ra n c h  species.
A p erm an en t record  of the  kelp blade a n d  all a ttach ed  ep ifau n a  w as 
ob ta ined  by tracing  th e  outline of th e  kelp b lade  onto paper. Colony sizes of Q. 
gen icu lata  were ob ta ined  by poking holes in to  the  kelp b lade  w ith  a  pencil onto 
the  trac ing . A fterw ards, all a re a s  (cm^) w ere digitized u s in g  a n  Apple II Plus 
co m p u te r a n d  g raph ics  tab let. H ydrocauli w ere counted  to quan tity  the  density  
(# /cm ^) o f the  hydroid  com m unity  an d  the  h e ig h t (mm) of 15% of all hydrocauli 
was m easu red  w ith  a  d issec ting  m icroscope to identify th e  vertical com ponent of 
the  com m unity.
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S ta tis tic a l Analysis 
M ultiple reg ression  techniques were used  to analyze the  com m unity 
ch arac te ris tic s  and  d e lin e  the m ost im portan t com ponen ts  of th e  Q. gen icu lata  
com m unity . F -tests w ere  used to determ ine if a b u n d an c e s  of n u d ib ra n c h s  w ere 
related to  com ponents o f the hydroid  com m unity (Model: n u d ib ra n c h  
a b u n d an c e  = c o n s ta n t + kelp a rea  + hydroid a rea  + density  of hydrocauli in 
colony + heigh t of colony). N ud ib ranch  ab u n d an ces  were sq u a re  root (x+0.5) 
tran sfo rm ed  to a d ju s t for non-norm ality  (Zar. 1984). A negative binom ial te s t 
was perform ed  and a n  index of d isp ersio n  (variance-to-m ean ratio) w as 




S easo n a l P a tte rn s  in  A bundance  of O rganism s 
Hvdroid A bundance
Colonies of Obelia gen icu lata  recru ited  heavily to kelp b lad es  in  the 
spring , show ed high a b u n d an c e  in th e  spring  a n d  sum m er d u e  to recru itm en t 
a n d  vegetative grow th a n d  died b ack  in  the  fall an d  w inter. M onthly collections 
of colonies of Q. gen icu lata  revealed a  sp ring  p eak  an d  a  fa ll/w in te r low in 
colony size, density  of hydrocauli a n d  average colony height (C hapter 1). 
N ud ib ranch  A bundance
Six species of n u d ib ra n c h s  w ere found on colonies of Q. gen icu lata  during  
th e  two y ear census: Corvphella v e rru co sa . D endrono tus fro n d o su s . Doto 
co ro n a ta . E u b ra n c h u s  exig u u s . E. pa llidus an d  Tergipes terg ipes. B oth  Q. 
v erru co sa  an d  E. pa llidus w ere very infrequent; they  .were p re sen t on  only 7.8% 
a n d  3.0%  of colonies sam pled , respectively a n d  th u s  were excluded  from  fu rther 
analy sis . Overall, n u d ib ra n c h  a b u n d an c e  w as h ighest betw een  M arch an d  
S eptem ber. T his a b u n d an c e  peak  coincided w ith  peaks in  a b u n d a n c e  of Q. 
gen icu lata  on  b lades o f L am inaria  spp . suggesting  th a t n u d ib ra n c h  ab u n d an ce  
p a tte rn s  tra c k  th e ir prey popu la tions. O n b are  kelp  b lades a  to ta l of only four 
n u d ib ra n c h s  w ere found on  th ree  of th e  25 b a re  kelp b lades sam pled . All 
n u d ib ra n c h s  w ere im m atu re  Tergipes (body size <2 mm).
G enerally , n u d ib ra n c h s  w ere found  on kelp b lades covered w ith  O. 
g en icu la ta : 96 .5%  of all kelp b lades collected h a d  a t  least 1 spec ies  of 
n u d ib ra n c h  p re sen t (Figure 2-1). However, it w as a lso  uncom m on  to Find all 
fou r species of n u d ib ra n c h s  on  a  single kelp b lade  (7.4%). Tergipes w as p resen t 
on  m o st kelp b lad es  w ith  Q. gen icu la ta . Kelp b lades w ith  a  single species of 
n u d ib ra n c h  (93.4%). all two species groupings a n d  m ost th re e  species
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group ings (98.4%) contained  T ergipes. suggesting  th a t  Q. gen icu la ta  on b lades 
of L am inaria  spp. is  a  prim ary h a b ita t for Tergipes.
P opulation  grow th of n u d ib ra n c h s  in  colonies o f O. gen icu lata  on 
L am inaria  spp. o ccu rs  via recru itm en t p rocesses only. R ecru itm ent of juven iles 
was co n tin u o u s  th ro u g h o u t th e  cen su s  period (Figure 2-2). Very few ad u lts  
were p re sen t in th e  total popu la tion  sam pled  and  cohorts  of a n y  n u d ib ran ch  
species w ere im possib le to follow.
Species
D en d ro n o tu s  frondosus w as p resen t on 57% o f all kelp b la d es  collected 
(Figure 2-1, 2-3) a n d  in all m o n th s  except October, 1987 (Figure 2-4A). A large 
index o f d ispersion  su p p o rted  by a  negative binom ial te s t (Krebs, 1989) (Table 
2-1) suggested  th a t  D en d rono tus aggregated in colonies of Q. g en icu la ta .
D en d ro n o tu s  h a d  co n tin u o u s  rec ru itm en t of ju v en iles  th ro u g h o u t the  y ear 
and  m a jo r  peaks In a b u n d an ce  occurred  twice, J u n e . 1987 a n d  May, 1989 
(Figure 2-4A). Very sm all n u d ib ra n c h s  (<2 mm) w ere p re sen t th ro u g h o u t the  
cen su s  (Figure 2 -5A,B) and com prised  87 .0%  of all D en d rono tus collected 
(Figure 2-6). M atu re  D en d rono tus (>12 m m ) were found  in  th e  w in te r of b o th  
years (Figure 2-5E), b u t  only 0 .6%  of the  D en d rono tus w ere a d u lts  (Figure 2-6). 
Egg m a ss e s  were fo u n d  infrequently  on ke lp  blades. A to tal of s ix  egg m asses  
were fo u n d  du ring  th e  census: one  in J u n e . 1987. 4  on  one kelp  b lad e  in 
D ecem ber, 1987 a n d  one in  D ecem ber, 1988. The p resen ce  of sp aw n  either 
coincided with o r p receded  p e ak s  of recru itm en t. The p a tte rn  o f h a b ita t u se  by 
D endrono tus suggested  th a t colonies of Q. geniculata  on  L am inaria  spp. a re  a  
n u rse ry  h ab ita t for D en d ro n o tu s .
T h e  p a tte rn  o f rec ru itm en t exhibited b y  D endrono tus w as significantly 
re lated  to  the  d e n s ity  of hydrocau li and  th e  height of th e  colony (F= 10.498, 
df=4, 2 2 5 . pcO.OOl) (Table 2-2A).
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Doto co rona ta  w as p resen t on 25%  of kelp b lades (Figure 2-1. 2-7A) and  in 
all m o n th s  except S ep tem ber a n d  October. 1988 (Figure 2-4B). Individuals of 
Doto aggregated in colonies o f Q. geniculata  (Table 2-1).
D oto w as com m on in colonies of Q. geniculata  on  Lam inaria sp p . blades 
du rin g  th e  su m m er a n d  w inter o f bo th  years  (Figure 2-4B). Two p rim ary  peaks 
in a b u n d an c e  of D oto were evident in the  su m m er a n d  w in ter of each  census 
year; th e se  p u lses w ere dom inated  by sm all, im m ature  n u d ib ra n c h s  (<4 mm) 
(Figure 2 -8  A-C). T he m ajority (85.0%) of Doto p resen t on  kelp b lades w as 
im m atu re  (<4 mm) (Figure 2-6B). Large, m a tu re  Doto w ere collected 
th ro u g h o u t the  y ear (Figure 2-8D) b u t were a  m inor com ponen t of th e  
popu la tion  (15.0%). R ibbons of spaw n  were found in  th e  sp ring  a n d  su m m er of 
1988 a n d  in  D ecem ber. 1987 a n d  1988. suggesting  th a t  Doto rep roduced  twice 
each  year.
R ecru itm en t of Doto to colonies of Q. geniculata  w as re la ted  to  th e  hydroid 
com m unity  (F=5.297, df=4. 225 . p<0.001). Doto recru ited  m ost heavily  to  Q. 
genicu lata  w hen colony size w as largest (winter, 1987 a n d  sum m er. 1988). 
Colony size w as th e  only significant p a ram ete r co rre la ted  w ith  re c ru itm e n t of 
Doto (Table 2-4B).
E u b ra n c h u s  ex iguus w as found on 27%  of kelp b lad es  collected (Figure 2- 
7B) a n d  w as never th e  only species p resen t (Figure 2-1). E u b ran c h u s  w as 
ab se n t in  4  of 23  m o n th s  (Jan u ary . O ctober, 1988 a n d  J a n u a ry . F ebruary .
1989). A large index of d ispersion  and  non-significant C h i-square  te s t 
suggested  th a t E u b ran c h u s  aggregated on  colonies of Q. geniculata  (Table 2-1). 
D uring  each  sam pling  period, it w as com m on to find all individuals of 
E u b ra n c h u s  on  1 or 2  of the  five kelp  b lades sam pled. R ecru itm en t of 
E u b ra n c h u s  w as n o t re la ted  to  a n y  com ponent of th e  k e lp /h y d ro id  com m unity  
exam ined (F=1.518. df=4. 225. p=0.198) (Table 2-2C).
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E u b ran c h u s  w as  com m on d u rin g  the first year of the s tu d y  but ra re  in  the 
second y e a r  (Figure 2-4C). P eaks o f recru itm en t occurred  in  the  sum m er of 
1987 a n d  in  early w in te r of bo th  y ears . A bundances of E u b ran ch u s  were 
h ighest in  D ecem ber of each y ear a n d  coincided w ith popu la tions lows of o th e r 
n u d ib ra n c h s  (Figure 2-5. 2-9). T h is suggested th a t E u b ran c h u s  utilized th e  
h ab ita t w h en  o thers  u sed  it less.
A lthough sm all E u b ran ch u s  (<3 mm) w ere collected th ro u g h o u t th e  first 
year of th e  census (Figure 2-10 A-C), small p u lses  of rec ru itm en t occurred in  
D ecem ber. 1987 a n d  April. 1988. D uring the  first year, large E u b ran ch u s  a lso  
were collected d u rin g  these  p u lses  of new rec ru its  (Figure 2-10D ). The first six 
m on ths o f  the  second  year were s im ila r to year 1. a  sm all p u lse  of small 
E u b ra n c h u s  occurred  in  D ecem ber. 1988, b u t  essentially  no  E u b ran c h u s  w ere 
collected from  January -M ay . 1989 (Figure 2-10).
Terg ipes w as th e  m ost a b u n d a n t n u d ib ran ch  on colonies o f Q. gen icu lata  
on L am inaria  sp p .. Tergipes w as p re sen t in all sam ples (Figure 2-9) an d  o n  
94.7%  o f all kelp b la d es  collected. Four to five p eak s  of a b u n d a n c e  could be 
identified during  e a c h  census year, suggesting th a t  Tergipes rep roduced  a t  least 
4 tim es e a c h  year. P eak s in a b u n d a n c e  of new  rec ru its  (< 1 m m ) (Figure 2-9A) 
were followed w ithin 2 -4  weeks w ith  a  peak in  th e  population  o f larger Tergipes 
(Figure 2-9B). S paw n w as found in  every m o n th  of the cen su s .
T he  popu la tion  o f Tergipes  w a s  separa ted  in to  two su b -p o p u la tio n s  to 
d iscern  n e w  recru its  from  newly se ttled  n u d ib ran ch s. New re c ru its  were 
considered  any n u d ib ra n c h  of < 1 m m  in body size. New re c ru its  and  larger 
Tergipes w ere  p resen t o n  97% a n d  91%  of kelp b lades collected, respectively 
(Figure 2 -1 , 2-11). Im m atu re  T ergipes (<4 mm) w ere a b u n d a n t th ro u g h o u t th e  
cen su s  p eriod  (Figure 2 -12  A-C) a n d  com prised 95 .1%  of th e  to ta l popu la tion  of 
Tergipes collected (F igure 2-6D). D istribu tions o f each  su b -popu la tion  have
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large ind ices of d ispersion  a n d  C h i-square  lesis a re  non-sign ifican t (Table 2-1) 
suggesting  th a t each ten d ed  to clum p in  colonies w here  conspecifics were 
presen t.
A bundances of b o th  su b -p o p u la tio n s  of Tergipes w ere re la ted  to  the 
physical com ponents of th e  hydroid com m unity  (new recru its: F=22.050. df=4. 
225. p<0.001: large T erg ipes: F=30.755. df=4, 225. p<0.001). E ach  s u b ­
population  w as m ost a b u n d a n t w hen th e  hydroid colony was la rgest an d  most 
dense. New recru its  of Tergipes were positively a sso c ia ted  with th e  size  of the 
hydroid colony and  d en sity  of hydrocauli b u t negatively associated  w ith  the size 
of the  kelp b lade (Table 2-3A). B ecause th e  size of th e  hydroid colony was 
lim ited by  th e  size of th e  kelp blade, la rvae  of Tergipes settled  in to  th e  largest 
hydroid colony on the  sm alles t kelp b lad es . The a b u n d a n c e  of la rg e r Tergipes 
w as asso c ia ted  w ith th e  size of the  hydroid  colony, d en s ity  of hydrocau li and 
average h e igh t of the  colony (Table 2-3B).
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DISCUSSION
N u dib ranch  P opulation  Biology
S easonality
The an a ly s is  of the n u d ib ra n c h  com m unity  in Obelia gen icu lata  colonies 
on  b lades of L am inaria  spp. show ed large su m m e r and  sm all w inter a b u n d an c e  
p eak s . Previous s tu d ie s  on th e  seasonality  of n u d ib ran ch s  suggested  th a t 
p a tte rn s  of a b u n d a n c e  w ere re la ted  to env ironm ental fac to rs a n d  the 
ap p ea ra n ce  of species-specific food resources. T em pera tu re  h a s  been  suggested  
to be  a  prim ary fac to r lim iting th e  d istribu tion  of m any spec ies  of n u d ib ra n c h s  
(C lark. 1975). T h e  n u d ib ra n c h s  in this s tu d y  a re  b o rea l-su b arc tic  species. The 
gen era l d isap p ea ran ce  of n u d ib ra n c h s  in la te  sum m er m ay  be  due  to h igher 
w a te r  tem p era tu res . Todd a n d  Doyle (1981) suggested  th e  se ttlem en t-tim in g  
h y p o thesis  to ex p la in  seasonal p a tte rn s  of inverteb ra te  p re d a to rs  and  th e ir  
p rey . Predictable bloom s of Q. geniculata  o ccu r in F ebruary . M ay an d  O ctober. 
P eak s  in a b u n d a n c e s  of the  n u d ib ra n c h s  generally  followed th e se  periods of 
hyd ro id  a b u n d an c e  (Figure 2 -4 . 2-9). The concen tra tion  o f reproductive  effort 
to tim es w hen food is  available for post-m etam orphic  a n im a ls  h a s  obvious 
selective ad v an tag es  for any  spec ies. This scen ario  ap p ea rs  possib le for the  
n u d ib ra n c h s  a t  C ap e  Neddick. ME.
Size
Size d is trib u tio n s  of sp ec ie s  revealed differences in  reproductive  cycles, 
m o rta lity  and  h a b ita t  use. E a c h  of the p o pu la tions of n u d ib ra n c h s  in th is  
s tu d y  w as do m in a ted  by sm all individuals (F igure 2-6). O th e r s tu d ies  
docum enting  a b u n d a n c e s  of n u d ib ra n c h s  h av e  no t repo rted  th e  p resence  of 
very  sm all n u d ib ra n c h s  (<2 m m ) in  the p o p u la tion  (Sw ennen, 1961; Miller.
1962; Clark, 1975: Nybakken, 1978). D escrib ing  the  p re sen ce  an d  a b u n d a n c e
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of only large, m a tu re  n u d ib ran ch s. m ay o b scu re  reproductive p a tte rn s, an d  fail 
to reveal differential m ortality  in  som e h a b ita ts  over o thers .
S m all D endrono tus utilize th eca te  hydro ids as food w hile larger, m a tu re  
n u d ib ra n c h s  a re  assoc ia ted  w ith  the hydroid T ubu laria  sp p . (Swennen, 1961: 
T hom pson , 1964; Todd, 1981). Q. geniculata functioned a s  a  n u rse ry  h ab ita t 
for D en d ro n o tu s : 87%  of all n u d ib ra n c h s  w ere <3 mm. T he size a t w hich  
D endrono tus sw itches prey (10-12 mm) is la rg er th an  th e  m axim um  size  of any 
of the  o th e r n u d ib ran ch s  in th e  hydroid colony. This su g g ests  th a t th e  u se  of 
Q. gen icu lata  as  a  food resource  m ay not provide the n ecessa ry  caloric 
requ irem en ts  to s u s ta in  larger n u d ib ran ch s. In  general, it is uncom m on to find 
any  n u d ib ra n c h s  larger th a n  10 m m  in colonies of Q. gen icu lata  (pers. obs.; 
K uzirian, unpub . data). Also, large D endrono tus may leave Q. g en icu la ta  for 
hydroid colonies w h ich  provide a  be tter refuge o r they m ay  be  eaten  by  th e  
w rasse  T au togo lab rus a d sp e rsu s . Sm all D endrono tus a re  cryptic in  colonies of 
O. gen icu la ta  an d  T. a d sp e rsu s  readily ea ts  D en d rono tus w hen  m ade available 
(pers. obs.: H arris, p e rs . comm.). Large D endrono tus feed on  polyps a to p  
hyd rocau li (C hapter 3) and  th u s  a re  m ore exposed to fish. Poor caloric con ten t 
an d  fish  p redation  m ay  provide th e  selective p re ssu re s  n ecessa ry  for 
D endrono tus to benefit from sw itch ing  prey w ith  size.
D oto co ronata  a lso  utilized Q. geniculata  a s  a  n u rse ry  hab ita t. Eighty-five 
p ercen t o f the  Doto collected from  colonies of Q. gen icu lata  on L am inaria  spp. 
were im m atu re  (<3 m m ). R ibbons of spaw n w ere found infrequently  a n d  
u sually  only w hen a b u n d an c e s  o f o ther th eca te  hydroids w ere low. K uzirian  
(unpub. data) found h igh  a b u n d an c e s  of Doto (>3 mm) on  colonies of th e  
hydro ids T huiarla  a rg en tea . O belia  com m lssuralis  an d  D vnam ena p u m ila  and  
generally  a t  tim es of th e  year w h en  low a b u n d a n c e s  of D oto were found  o n  Q. 
g en icu la ta  (Figure 2 -4 . 2-8). I t is likely th a t sm all Doto a re  cryptic in  th e  short
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colonies of Q. gen icu lata  b u t requ ire  ta ller hydroid colonies for pro tection  from  
fish p red a tio n  w hen a d u lt  p igm entation  is acquired .
E u b ran c h u s  ex iguus a n d  Tergipes tergipes a re  bo th  sm all, cryptic aeolids; 
m axim um  body size is <10 m m  (Thom pson an d  Brown. 1984). B oth 
n u d ib ra n c h s  have s im ila r reproductive periods (Swennen. 1961: C lark . 1975; 
T hom pson  a n d  Brown. 1984; Lam bert. 1985; Kuzirian. u n p u b . data) b u t recru it 
to different hydroid species. In early  sum m er, high a b u n d an c e s  o f E. exiguus 
w ere found  on  colonies of Obelia com m issu ra lis  (Lambert. 1985; K uzirian. 
u n p u b . data), while Tergipes recru ited  to £>. geniculata (Figure 2-9). Egg 
cap su les  of Tergipes w ere found on  Q. gen icu lata  th ro u g h o u t the  y ear and  only 
one E u b ran c h u s  egg m a ss  w as discovered (December. 1988). T h is w as the  only 
sam ple  d a te  betw een J u n e ,  1988 - May, 1989 w hen  m a tu re  E u b ra n c h u s  were 
found on Q . gen icu lata  a n d  it corresponded  to a  w inter rec ru itm en t peak  
(Figure 2-10). K uzirian (unpub. da ta) found a d u lts  an d  egg cap su le s  of E. 
ex iguus in  Q. com m issu ra lis  from  A pril-July  in  four consecu tive y e a rs  (1972- 
1975) a t  G errish  Island . ME. This su g g ests  th a t  Q. gen icu lata  is  a n  alternative 
food re so u rce  an d  fringe h ab ita t o f E. exig u u s . w hereas it is th e  p rim ary  food 
a n d  h a b ita t for Tergipes tergipes.
H ab ita t Selection
A good living p lace  provides b reed ing  sites, foraging a re a s  a n d  safety from 
enem ies. M arine larvae  recognize h a b ita ts  via s tru c tu ra l com plexity, color and  
chem istry  (Thorson, 1950: M eadows an d  Cam pbell. 1972). W hen certa in  cues 
a re  reliably assoc ia ted  w ith  su p erio r s ites, in n a te  preferences for p a rticu la r 
h a b ita ts  evolve. The evolution of sen so ry  s tru c tu re s  an d  behav io rs in  larvae are  
im p o rtan t to  the ir evalua ting  se ttlem en t sites.
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Chem ical cu es , especially from food, ind u ce  the settlem en t a n d  
m etam orphosis  o f n u d ib ran ch  veligers (Todd. 1981: Hadfield. 1984). A majority 
of n u d ib ra n c h s  h av e  very specialized diets, am ong them  especially th e  hydroid 
e a te rs  (Thompson, 1976; Todd. 1981). S ince m any n u d ib ran ch s  m a tu re , spaw n 
an d  d ie  w ithin a  few weeks, a  genetic basis  in  the selection  process is  necessary  
for th e  survival of adu lts .
M any n u d ib ra n c h  veligers select large, dense hydro id  colonies a s  habitats 
(H arris, 1973: Todd. 1981) b e ca u se  they provide food a n d  hab ita t heterogeneity. 
The a d u lt  food in d u ces  m etam orphosis in  a  num ber of n u d ib ra n c h  larvae (Todd. 
1981: Hadfield, 1986, reviews). The benefit to survival is  obvious a s  posi- 
m etam orphic  n u d ib ra n c h s  do n o t need to se a rc h  fu rth e r for food. Large, dense 
co lonies have a  m o re  diverse s to lo n  netw ork a n d  m ore polyps th a n  sm all, 
s p a rse  colonies (Crowell, 1957; B raverm ann. 1971). As wide, fla t-b laded  algae 
a re  colonized by epiphytes, th e  s tru c tu ra l com plexity o f th e  kelp su rfa c e  is 
in c reased  providing more m icrohab ita ts  for se ttlem en t (Hall and  Bell. 1988) an d  
refuge from fish p reda tion  (Hayward, 1980: Edgar, 1983b: Orth, e t a l.. 1984). 
H ydroid colonization of kelps essentially  c rea te s  a  'lawn' o n  the su rfa c e  of the 
b lad es . N ud ib ranchs settling in to  the colony can  select h a b ita ts  w ith  respect to 
he igh t above the su rface  an d  proxim ity to th e  edge of th e  colony. T h is  
m ech an ism  is s im ila r to selec tion  of grass m icro h ab ita ts  b y  insects (Strong, et 
al.. 1984).
Hydroid co lon ies can a lso  provide pro tection  from fish  p redation . Small 
n u d ib ra n c h s  a re  generally  cryptic: bo th  E u b ran c h u s  a n d  Tergipes a r e  hidden 
w ith in  colonies of Q. gen icu lata . however D endronotus a n d  Doto becom e more 
co n sp icu o u s w ith s ize  and acqu isition  of a d u lt  p igm entation . The red  
p igm enta tion  often found on la rg e  D endrono tus (>10 m m ) m ay p a rtia lly  explain 
the  p re y  sw itching behavior to colonies of T ubu laria  by th is  anim al b ecau se
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these  n u d ib ra n c h s  a re  u sually  visible a top  hydrocauli (pers. obs.). A lthough it 
is com m on to find Doto a t the  bo ttom  of colonies (C hapter 3) presum ably  well 
protected from fish, b e tte r refuge m ay be alforded by the  taller, b u sh ie r colonies 
of the  hydroids T hu iaria  argen tea  a n d  Obelia com m issuralis  w here Kuzirian 
(unpub . data) found m any  m a tu re  D oto.
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Figure 2-1. Proportion  of kelp b la d es , Lam inaria spp. (n=230) covered w ith  
Obelia geniculata  con ta in ing  n u d ib ran ch s. D ata  w ith in  each  b a r  
re p re sen t proportion o f kelp b lades having Ind iv idual or g roups o f 
n u d ib ran ch s . (Df = D endrono tus fro n d o su s . Dc = Doto c o ro n a ta . 
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Figure 2-2. M ean p roportion  (+SE) of the n u d ib ran ch  p o p u la tion  sam pled  
w hich w ere  Juveniles in  colonies o f Obelia gen icu la ta  on  
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F igure 2-4. M ean a b u n d an c e s  l+SE) of n u d ib ran ch s  collected a t  C ape  
Neddick. ME from  Ju n e . 1987 - May, 1989. D ata w ere 
s tan d ard ized  to th e  size o f th e  hydroid colony (no sam p les  
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Figure 2-5. M ean a b u n d an c e  (+SE) by size c lass  of D en d rono tus fron d o su s  
collected a t  Cape Neddick, ME from  Ju n e . 1987 - May. 1989. 
D ata  w ere s tan d a rd ized  to  size of th e  hydroid colony (no sam p les  
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Figure 2-6. Size frequency h istog ram s for th e  four species of n u d ib ra n c h s  in  
colonies of Obelia geniculata  on  blades of L am inaria  spp. a t  C ape 
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Figure 2-7. Proportion of kelp b lades Lam inaria spp. (n=230) con ta in ing  A. 
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Figure 2-8. M ean a b u n d an ce  (+SE) by size c lass  of Doto co rona ta  collected a t 
C ape Neddick, ME from J u n e . 1987 - May. 1989. D ata  w ere 
s tan d ard ized  to size of th e  hydroid colony (no sam ples collected 
in  A ugust, 1987).
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Figure 2-9. M ean a b u n d an c e s  (+SE) of Tergipes te rgipes collected a t  C ap e  
Neddick, ME. Ju n e . 1987 - May, 1989. D ata w ere s tan d a rd ized  
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Figure 2-10. M ean a b u n d an c e  (+SE) by  size c la s s  of E u b ra n c h u s  ex iguus 
collected a t  C ape Neddick. ME from  Ju n e . 1987 - May. 1989. 
D ata  w ere s tan d a rd ized  to size of th e  hydroid colony (no sam p les  
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Figure 2-11. P roportion  of kelp b lades Lam lnaria spp. (n=230) con tain ing  A.
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Figure 2 -12 . Mean a b u n d an ce  (+SE) by size c la ss  o f Tergipes te rg ipes collected 
a t C ape Neddick. ME from  June. 1987  - May. 1989. D ata w ere 
s tan d a rd ized  to size o f  th e  hydroid colony (no sa m p le s  collected 
in A ugust. 1987).
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Table 2-1. Indices of d ispersion  (I.D.) (v a rian ce /m ean  ab u n dance) for each 
species of n u d ib ra n c h  in  colonies of O belia gen ieu lata  on Lam inaria  sp p .. A 
C hi-square  te s t  was perform ed: H0: T h e  negative binom ial is a n  adequaie  
d is tribu tion  to  describe th e  pattern  (Krebs, 1989). O utliers w ere identified by 
large S tuden tized  re s id u a ls  and rem oved from th e  analysis.
S p e c ie s I.D. Chi-square d f P
D endrono tus 12.35 40.144 42 NS
Doto 2.00 4.201 3 NS
E u b ran c h u s 2.37 3.818 4 NS
TereiDes 




Tergipes 88 .28 55.680 58 NS
(>1 m m )
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Table 2-2. A nalysis of variance tab les of p a ram ate rs  of the kelp /hyd ro id  
com m unity . Model: S q r nucjibranch  a b u n d an ce  = co n stan t + sq r kelp area  
| c m i  + sq r  hydroid  a rea  (cm*) + sq r density  of colony (# /cm ^) + height of
r»r-k1r\n\r fmmlcolony ( ).
Variable C oeffic ien t (SE)
A. D endrono tus
C o n stan t -1 .313(0 .687) -1.912 NS
Kelp a re a  -0 .014 (0 .015) -0 .907 NS
Obelia a re a  0 .0 3 9 (0 .0 2 7 ) 1.464 NS
Obella density  0 .4 9 8 (0 .1 7 0 ) 2 .922 0 .004
Obelia he igh t 0 .1 5 0 (0 .0 4 3 ) 3 .473 0.001
B. Doto
C o n stan t 0 .7 6 0 (0 .2 3 9 ) 3 .175  0 .002
Kelp a rea  -0 .0 08 (0 .005 ) -1 .464 NS
Obelia a re a  0 .0 4 0 (0 .0 0 9 ) -4 .308 <0.001
Obelia density  -0 .019 (0 .059 ) -0.322 NS
O belia h e igh t -0 .012 (0 .015 ) -0 .763 NS
C. E u b ran ch u s
C o n stan t 0 .4 7 5 (0 .2 6 6 ) 1.789 NS
Kelp a rea  0 .0 0 6 (0 .0 0 6 ) 1.007 NS
O belia a re a  -0 .010 (0 .010 ) -0.932 NS
Obelia density  0 .0 9 0 (0 .0 6 6 ) 1.371 NS
Obelia height 0 .0 2 4 (0 .0 1 7 ) 1.446 NS
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Table 2-3. A nalysis o f variance  tab les  of p a ra m a te rs  of the kelp /hyd ro id  
com m unity . Model: S q r nuchbranch  ab u n d an ce  = constan t +■ sq r kelp area  
(cm2) + s q r  hydroid a rea  (cm2 ) + sq r density  of colony (# /cm 2 ) + height of 
colony (mm).
V ariab le  C o effic ien t (SE)
A. Tergines - New re c ru its  (< 1 mm) 
C o n sta n t
Kelp a re a  
Obelia a rea  
Obelia density  
Obelia height
B. Tergjpes - (>1 mm) 
C o n sta n t 
Kelp a re a  
O belia a rea  
Obelia density  
O belia height
-3.002 (1.480) 
-0 .076  (0.033) 
0 .424  (0.057) 
1.136 (0.367) 
0.111 (0.093)
-7 .513 (1.864) 
-0 .053 (0.042) 
0 .363 (0.072) 
1.302 (0.462) 













RESOURCE PARTITIONING IN NUDIBRANCHS IN COLONIES OF 
THE HYDRO ID OBELIA GENICULATA
INTRODUCTION
Inform ation on th e  feeding biology of p red a to rs  is needed  to u n d e rs tan d  
the  re la tionsh ip  betw een  p red a to rs  an d  the ir prey. In te rre s tria l bird 
com m unities. M acA rthur (1958) show ed th a t spa tia l seg re ta tion  and  varia tion  
in bill m orphologies w ere re la ted  to the types of food consum ed  by finches. In 
aq u atic  com m unities, grazing by herbivorous gastropods c an  modify algal 
a sso c ia tions on th e  m arine  rocky, in tertidal zone (Lubchenco, 1978; C reese,
1988) a n d  in  freshw ater, m acrophy te  com m unities (B ronm ark, 1989; O senberg ,
1989) by  elim inating o p p o rtu n istic  algae. In ep ifaunal a n d  in  fouling 
assem blages, n u d ib ra n c h  m olluscs can  a lte r com m unity  s tru c tu re  in  a  sim ila r 
m a n n e r (Clark, 1975: Lam bert, 1985; G aulin, e t al.. 1986; T odd and  
H avenhand , 1989).
N ud ib ranchs a re  gastropod p reda to rs  th a t  often specialize on p a rtic u la r  
prey types (Harris. 1973; Todd. 1981). They p o ssess  a ra sp in g  organ, the  
rad u la . th a t allow s th e m  to p en e tra te  the skele ton  of their prey. The ra d u la  is a 
m em b ran o u s belt covered w ith renew able ch itinous teeth . H ughes (1986) 
proposed  th a t ra d u la r  sh ap e  a n d  tooth  m orphology d icta te  th e  diets of 
gastropods an d  co rre la tions betw een tooth form  a n d  diet a re  m ost com m on for 
specialized feeders (Nybakken, 1970; Bloom. 1976). N u d ib ran ch s th a t feed 
u p o n  hydroids ten d  to  e ither p en e tra te  the  p e risa rc  a n d  s u c k  coenosarc o r 
a tta ck  exposed polyps directly (pers. obs.). According to N ybakken and  
M cDonald (1981). n u d ib ra n c h s  w ith  a  u n ise ria te  rad u la  sh o u ld  feed by p iercing  
th ro u g h  sto lons (perisarc) an d  n u d ib ra n c h s  w ith  a  trise ria te  rad u la  sho u ld  feed
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upon  a th e c a te  polyps a n d  gonophores.
The m ajority  of n u d ib ra n c h s  in th e  G u lf of M aine prey on hydro ids (Meyer. 
1971; C lark. 1975: Lam bert. 1985). O ften n u d ib ran ch s  dem onstra te  
considerable  overlap in th e ir  d is tribu tion  w ith  m any n u d ib ra n c h  sp ec ie s  feeding 
in  the sam e hydroid  colony (Kuzirian, 1979). C oexistence in these hydroid  
colonies m ay  b e  m ediated by differences in  h ab ita t or food, bu t the underly ing  
m echan ism s a re  unknow n.
The hydro id  Obelia gen icu lata  grow s epiphytically o n  lam inarian  kelps; 
often covering th e  entire b lad e  surface. F o u r species o f  n u d ib ran ch s  inhab it 
colonies of O belia sim ultaneously : D endrono tus fro n d o su s . Doto c o ro n a ta . 
E u b ran ch u s  ex iguus an d  Terglnes te rgipes (Chapter 2). T his s tu d y  focuses on 
th e  feeding biology of th ese  n u d ib ran ch s  inhab iting  co lon ies of Q. g en icu la ta . 
F o r each n u d ib ra n c h  species the  following p aram eters  a re  described: 
m orphology o f the  radula, feeding behav ior an d  location o f the n u d ib ra n c h s  
w ith in  the h y d ro id  colony. T he skeletal m orphology of th e  hydroid p rey  is also 
described. D ifferences in  troph ic  m orphology and feeding m echan ism s between 
p reda to rs  m ay  reflect a  p re d a to r s diet w ith in  the hydroid  colony. W h eth er 
th e se  d ifferences in  feeding biology an d  h a b ita t  help p a rtitio n  re so u rce s  am ong 
th e se  n u d ib ra n c h s  is considered .
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MATERIALS AND METHODS
Collection of A nim als 
N u d ib ranchs a n d  colonies of Q. geniculata  were collected from the  kelp 
bed from  S eptem ber. 1988 to Septem ber, 1989. Kelp b lades (Lam lnaria 
sacch a rln a  an d  L, d lg lta ta l were exam ined u n derw ater for n u d ib ran ch s. 
individually  placed in  p lastic  bags a n d  brought to  the lab. In th e  lab. four 
species o f n u d ib ra n c h s . D endrono tus fro ndosus. Doto c o ro n a ta . E u b ran c h u s  
exiguus a n d  Tergipes  te rglpes were isolated from  the  hydroid colonies, sized to 
th e  n e a re s t m m  an d  sep a ra ted  for different p a rts  of the s tu d y  w ith  a  d issec ting  
m icroscope.
A nalysis of R adulae 
R adu lae  from 4  ind iv iduals e ach  of D en d ro n o tu s . Doto a n d  E u b ran c h u s  
an d  7 indiv iduals of Tergipes were rem oved from  the  n u d ib ra n c h s  by dissolving 
th e ir bo d ies  in  10% NaOH overnight (10-12 hou rs). R adulae w ere teased  free 
from th e  d is in teg ra ted  m uscle  tis su e  an d  placed in to  70% e th an o l un til 
m o u n tin g  for scan n in g  e lectron  m icroscopy (SEM). Clean ra d u la e  were 
m o u n ted  on to  g lass coverslips in  a  d rop  of distilled w ater a n d  allowed to air-d ry  
before a tta ch in g  to s ta in le s s  steel s tu b s . R adulae were s p u tte r  coated w ith  a  
200-300  A ° coating o f A u /P d  (H um m er V S p u tte r  Coater) before  viewing w ith  an  
AMR 1000 S cann ing  E lectron  M icroscope a t 20  kV.
S ix  p a ram ete rs  from  3 tooth row s of each  ra d u la  were quan tified  to 
identify th e  m orphology o f each  n u d ib ran ch  species' radu la . F rom  a d o rsa l 
perspective  the  w id th  (um | of the  rad u la . the  len g th  (um) a n d  w id th  (um) o f the 
rach id ian  too th  w ere m e asu re d  a n d  th e  num b er of denticles o n  one side o f the  
rach id ian  too th  w as co u n ted  (Figure 3* 1A). T he ra k e  angle of th e  radu la  a n d
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th e  cu rv a tu re  of the  rad u la  were quantified  from a la teral view (Figure 3- IB). 
T he rake ang le  w as defined as  the  angle of the ra d u la  to the  feeding surface 
w hen  p ro tru d ed  from th e  m ou th . Rake angle w as m easu red  a s  th e  angle m ade 
from  the tip  of the  rach id ian  tooth  to the  base  of the  tooth  row. C u rv a tu re  is 
th e  degree of hook  or am o u n t of concavity along th e  in n er m arg in  of the  rad u la  
(Bloom. 1976). C u rv a tu re  w as m easu red  a s  the  ra tio  betw een the  height of the 
concavity  a long  th e  in n e r m argin  of the  rach id ian  too th  to the  leng th  of the  
rach id ian  too th . All leng th  m easu rem en ts  an d  angles were digitized u sin g  
S igm a S can  on  a  Ja n d e l Scientific digitizing tab let (Model 2 2 1 0 .3 .C)
A MANOVA w as perform ed on In (x+1) an d  sq u a re  root (x+0.5) 
transfo rm ed  d a ta  to e lucidate  m orphological differences of rad u lae  from each  
spec ies  of n u d ib ra n c h  (Model: R adula w idth, leng th  of rach id ian  tooth , w id th  of 
rach id ian  tooth , n u m b er of denticles, rak e  angle = c o n s ta n t + species of 
n u d ib ran ch ) (Zar, 1984: H arris. 1985). Ratios of m orphological m e asu rem en ts  
to size of the  n u d ib ra n c h  were ca lcu la ted  to accoun t for differences in  size of 
ind iv idual n u d ib ra n c h s .
Feeding B ehavior an d  Feeding D am age 
Feeding m ech an ism s were identified for each species of n u d ib ran ch . 
N ud ib ran ch s w ere s tarved  overnight before being p laced  on kelp b lad es  covered 
w ith  Obelia gen icu lata  in  10 cm  d iam eter s tack in g  d ishes. N u d ib ran ch  feeding 
behav io rs w ere observed w ith  a n  O lym pus SZ-III/SZ-Tr zoom ste reo  
m icroscope. Individual feeding b o u ts  w ere pho tographed  w ith  a n  O lym pus OM- 
2 cam era  a tta ch e d  to th e  m icroscope. A m in im um  of 6  feeding b o u ts  w as 
observed  for e ach  n u d ib ra n c h  species. A feeding b o u t consisted  of app roach , 
a tta c k , m an ip u la tio n  a n d  consum ption  of the  hydroid  prey. E ach  feeding b o u t 
w as considered  com plete w hen  the  n u d ib ran ch  re trea ted  from  th e  polyp or from
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the  sto lon  it w as eating.
Portions of p reda to r-m an ipu la ted  hydroid sec tio n s  were obtained  directly 
from feeding n u d ib ran ch s. Pieces of sto lon  were cu t 0 .5  cm from a  site  of 
feeding a n d  lifted from th e  kelp surface. If the  s to lon  could not be easily 
rem oved, the  kelp w as c u t to obtain  the  feeding area . U prights w ere also  
rem oved a fte r feeding b o u ts  by n u d ib ran ch s. Hydroid skeleta l pieces were 
ob ta ined  from  each  n u d ib ra n c h  species except Tergipes b ecau se  th is  species 
a tta c k s  naked  tissu e  w hen  feeding. All hydroid pieces w ere im m ediately 
p reserved  in  2 .5%  p h o sp h a te  buffered g lu ta ra ldehyde  for 1-2 h o u rs  an d  th en  
s to red  in 70%  ethanol. T issu es  w ere p repared  for SEM by dehydra tion  th rough  
a  g raded  e th an o l series a n d  th e n  placed in hexam ethyld isilizane (HMDS) to 
fin ish  drying hydroid sk e le tons an d  tis su e  (Nation. 1983; Polysciences. Inc.. 
1985). S kele tons were m o u n ted  on s ta in le ss  steel s tu b s  w ith  d o u b le-stick  tap e  
a n d  p repared  for SEM a s  previously described  for th e  rad u lae .
N ud ib ranch  H ab ita ts
T he h a b ita t of each  species of n u d ib ran ch  w as identified by n o ting  the  
location of indiv iduals w ith in  th e  colony. After collection, hydroid sam ples w ere 
k ep t in  a  flowing sea w a ter system  a t  the  University of New H am psh ire  C oasta l 
M arine Lab a n d  p rocessed  w ith in  24  hou rs . O bservations were m ade w ith  a n  
O lym pus SZ-III/SZ-Tr zoom  stereo-m icroscope by p lacing  kelp b lad es  in  large 
m eta l trays. F o u r h a b ita t p a ram ete rs  were quantified: (a) heigh t of th e  
n u d ib ra n c h  above the kelp su rface  (mm), (b) density  of hydrocauli a ro u n d  th e  
n u d ib ran ch , (c) m ean  height of hydrocauli (n=5) a ro u n d  th e  n u d ib ran ch  a n d  (d) 
th e  d is tan ce  (cm) the n u d ib ra n c h  w as from  th e  edge of th e  colony. 
M easu rem en ts  of density  o f hydrocau li a n d  m ean  h e igh t of hydrocauli w ere 
m ade w ith in  a  2 .25  cm ^ a re a  a ro u n d  each  n u d ib ran ch .
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All h a b ita t p a ram ete rs  w ere analyzed w ith a m ultip le  ANOVA on In (x+ 1) 
a n d  reciprocal (x+1) transfo rm ed  data (Zar. 1984: H arris, 1985).
Perisarc A nalysis
Sam ples o f sto lons a n d  hydrocauli w ere isolated from  the  cen tra l and  
periphera l (ou ter 2 cm) p o rtio n s  of 5 colonies of Q. gen icu lata  a n d  fixed 
overnight in  B o u in ’s so lu tion . After w ash in g  the hydroid pieces in 50%  ethanol, 
th ey  were dehydra ted , s ta in ed  w ith acid fuchsin . em bedded in paraffin  an d  
sectioned. Lugol's solution w as used to s ta in  the p e risarc  of hydroid sections 
(Lillie. 1954) following p ro ced u res  adap ted  from  D rury a n d  W allington (1980). 
M easu rem en ts  o f perisarc  th ickness (um) o f stolons, hydrocau li a n d  theca  from 
e a c h  area of th e  colony w ere m ade using a  Nikon F luophot. M icrophot series V 
com pound  m icroscope equ ipped  with a n  o cu la r m icrom eter.
A two-way analysis of variance w as perform ed to com pare th e  th ick n ess  of 
p e risa rcs  from th e  cen ter a n d  from the periphery  of the  hydroid colony. A 
T ukey-K ram er HSD m ultip le  com parison te s t  was u sed  to te s t co m parisons of 
in te re s t am ong  s tru c tu re s  w ith in  and betw een  areas of th e  colony (Zar, 1984; 
D ay  and  Q u inn . 1989).
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RESULTS
S tru c tu re  of the R adulae
The rad u lae  of th e  4  species of n u d ib ra n c h s  differed m arkedly  in th e  six  
p a ram e te rs  m easu red  (Table 3-1). O nly the  ra d u la e  of Tergpies were curved, 
o th e rs  showed no degree of hook. The rad u lae  show ed very little  variation  
am o n g  individuals of a  species (Table 3-2). The sim ilarity  am o n g  conspecifics 
a n d  the  large differences am ong species is no t su rp ris in g  b e c a u se  radu lae  a re  
u s e d  a s  a  taxonom ic ind icator for o p is th o b ran ch s (Thom pson a n d  Brown. 
1984). These re su lts  a re  sim ilar to previously pub lished  figures and  
observations.
D endrono tus frondosus h ad  a  wide, m u ltise ria te  rad u la  w ith  5-9 la te ra l 
te e th  flanking th e  rach id ian  tooth  (Figure 3-2A). T he rach id ian  tooth  w as 
trian g u la rly  sh ap ed  w ith m any sm all, la teral dentic les. The la te ra l teeth h a d  a 
sing le  cusp  an d  3 -5  denticles on each  tooth  a n d  th e  radu la  h a d  a  wide rak e  
ang le  (58°) (Figure 3-2B).
The u n ise ria te  ra d u la  of Doto co ro n a ta  w as very narrow  (Figure 3-2C). 
T h e  rach id ian  too th  w as sh o rt a n d  s tu b b y  w ith 3 -4  lateral d en tic les  on each  
side . The cen tra l dentic le  of the rach id ian  tooth  w as also  d ep ressed , m aking  
th e  dorsa l su rface  of the  rad u la  concave. The rak e  angle w as very  narrow  (21°) 
(F igure 3-2D).
E u b ran c h u s  ex iguus had  a  wide, triseria te  ra d u la  (Figure 3-3A). A single, 
la te ra l tooth  flanked th e  rach id ian  tooth . The rach id ian  tooth  w as relatively 
long  an d  th in  w ith  few (3-7) large, la te ra l denticles on  each side: it ap p eared  
rake-like. T he la te ra l tee th  were w ide a t  their b a se  a n d  tap ered  sharp ly  to a  
th in , narrow , single c u sp  (Figure 3-3B). The rak e  ang le  w as m oderately w ide 
(36°).
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Tergipes te rg ipes had  a  narrow , u n ise ria te  radula (Figure 3-3A) w ith a 
sh o r t, wide ra c h id ia n  tooth th a t  bears  a prom inen t, cen tra l denticle a n d  m any 
(5-10) large, la te ra l denticles. T h e  central den tic le  w as approxim ately  2 tim es 
lo n g e r than  the  la te ra l denticles a n d  it had  a  narrow  rake ang le  (22°) (Figure 3- 
3D .E). The ra d u la  of Tergipes w as the only o n e  of the four to show  an y  degree 
of hook . The c u rv a tu re  index for all 21 to o th  row s w as 0 .2 9 3  (SE=0.04) b u t 
th e re  was considerab le  varia tion  (Figure 3-3D.EJ. Some o f th is  variability could 
be d u e  to the d ry in g  process u se d  to p repare  th e  radu lae  for viewing w ith  the  
SEM .
Feeding B ehavior
Direct observations of n u d ib ra n c h  feeding showed sp ec ies  specific 
beh av io rs  for h a n d lin g  and co nsum ing  hydroid  prey. The feeding behaviors 
a m o n g  conspeciflcs showed very little varia tion .
Two feeding m echan ism s w ere observed for D en d ro n o tu s: these  were 
d ep en d en t on th e  an im al's  size. Sm all ind iv iduals of D en d ro n o tu s  were 
su c to r ia l feeders w hile  larger ind iv iduals w ere polyp b iters. Ind iv iduals sm aller 
th a n  5  mm in le n g th  fed by pen etra tin g  the pe risarc  of th e ca e  an d  sto lons an d  
su c tio n in g  tis su e  from  the hydro id  (n=7). O n thecae. n u d ib ra n c h s  positioned 
th e ir  m outhes a t  th e  base of th e  cu p  by g rasp in g  it with th e  a n te r io r  po rtion  of 
th e  foot, th u s  se c u r in g  the m o u th  against th e  perisarc. M u scu la r p ro tru sio n s  
o f th e  buccal a p p a r a tu s  everted th e  radula  from  the m o u th  w hich  scrap ed  the  
th e c a . The average  tim e n ecessa ry  to p en e tra te  a  theca w as 4 .2  m in (SE=2.9). 
W h en  a  hole w as m ad e , su c tio n  w as created b y  the  buccal a p p a ra tu s  th a t 
w ith d rew  either th e  h y d ran th  fro m  a hydro th e c a  or Juvenile m ed u sae  from  a 
gono theca . W hen feeding on gonangla, ju v en ile  m edusae  w ere  plucked 
individually  from th e  bottom  of th e  gonotheca. O n stolons 2 -3  violent p u lses  of
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th e  buccal a p p a ra tu s  created  a  hole th ro u g h  the pe risa rc  th a t allowed 
w ithdraw al o f th e  coenosarc. T issue w as ex tracted  from  th e  stolon by a few, 
q u ick  pulses of th e  buccal a p p a ra tu s .
Large D en d rono tus (>5 mm) were polyp biters o r g rab b ers . N ud ib ranchs 
craw led  up  hydrocau li a n d  positioned them selves over a n  exposed h y d ran th . 
T he m o u th  w as positioned directly  above a  polyp by ligh t con tac t of th e  anterior 
p o rtio n  of the  foot an d  m o u th  w ith polyp ten tacles. It ap p ea re d  th a t  b o th  a 
su c to ria l and  g rasp in g  m ech an ism  was u s e d  to consum e polyps. T he  radula  
w as everted from  the  m ou th  creating  a d is tu rb an ce  a ro u n d  the polyp th a t 
p u lled  the polyp tow ards th e  n u d ib ran ch 's  m outh . The ra d u la  never contacted  
th e  polyp (n=14), so  polyp tis su e  was not hooked or p u lled  toward th e  m outh. 
Im m ediately following, the  ja w s  were p ro tru d ed  and th e  polyp w as clipped  off a t 
its  b a se . After D en d ron tous b it a  polyp, on ly  the a n n u la te d  base  o f th e  
hyd ro th eca  rem ain ed  (Figure 3-4). A n u d ib ra n c h  would co n tin u e  th is  behavior 
a long  a  hy d ro cau lu s  following th e  a lte rn a tin g  pattern  of polyp b ran ch in g . 
Feed ing  on w hole polyps w as observed a t  a  ra te  of 1-2 po lyps per m in u te  
(SE=0.2) over a  5  m in  period (n=6).
O n  one occasion  d u rin g  a  feeding b o u t by a large D en d ro n o tu s  (8-10 mm) 
a  ju v en ile  Tergipes (0.5 mm) w as consum ed along with a  h y d ran th . T he 
ju v en ile  Tergipes h a d  been  a to p  the  polyp feeding w hen D en d ro n o tu s  arrived. 
A pparen tly  D en d rono tus w as u n aw are  of th e  presence o f th e  o ther n u d ib ran ch . 
A fter swallowing th e  polyp a n d  the  juvenile Tergipes. D en d ro n o tu s  p a u sed , 
s to p p ed  feeding a n d  crawled from  the hydrocau lus. It is possible  th a t  som e 
ep iderm al d isch arg e  from the  ea ten  n u d ib ra n c h  was u n p a la tab le  to 
D en d ro n o tu s .
Doto co ro n a ta  was a  su c to ria l feeder preying p redom inan tly  o n  th e  stolons 
of Q . g en icu la ta . N ud ib ran ch s crawled a to p  a  stolon a n d  c lu tch ed  th e  stolon
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w ith the  an te r io r portion  of the  foot. The c lu tch ing  behavior secu red  the stolon 
ag a in s t th e  an im al's  m o u th . D uring pu lsa tio n s  of the  buccal ap p a ra tu s , the  
an te rio r portion  of th e  foot flattened suggesting  th a t the  n u d ib ra n c h  w as 
exerting add itional p re s su re  to a ss is t  in  the  pen etra tio n  p rocess. W hen a  hole 
w as p roduced  th ro u g h  th e  perisarc. coenosarc w as w ithdraw n from  th e  sto lon  
in to  the  an im a l’s m o u th . T issue m oved unldirectionally  tow ard  the  n u d ib ran ch  
a n d  into its  m outh . T he m ovem ent of tis su e  from a stolon coincided w ith 
p u lses of th e  buccal a p p a ra tu s . This process ap p eared  sim ila r to the  action  of 
d raw ing liquid  th ro u g h  a  straw .
The m ech an ism  o f perisarc  p en e tra tio n  by Doto is by ra sp in g  w ith  the  
rad u la . D rill holes p ro d u ced  by Doto (body size = 4 -5  mm) w ere ro u n d  (35.7 um  
(SE=4.8) d iam . Figure 3-5). Holes h a d  bevelled s id es  w ith grooves 
co rrespond ing  to th e  den tic les of the  rach id ian  tooth . There w as a  ra ised  lip 
a ro u n d  th e  perim eter o f th e  holes. T his raised  lip w as d is tin c t from  the  perisarc  
a n d  is e ith e r coenosarc o f  the  hydroid  o r m u cu s  p roduced  by g lan d s in  th e  foot 
o f th e  n u d ib ran ch . Also, these  holes often show ed a  jagged o r d e terio ra ted  
p erisarc  a t  th e ir  cen ter. T he deterio ra ted  perisarc  m ay be th e  rem a in s  of a n  
incom plete bore  hole o r suggests  th a t  the  n u d ib ra n c h  secre ted  a  su b s ta n c e  to 
a s s is t  the  p en e tra tio n  p rocess.
The tim e necessa ry  to  p en e tra te  a  stolon by a n  individual of Doto w as 
difficult to determ ine. A hole w as com plete w hen coenosarc  w as d raw n  tow ard 
th e  n u d ib ran ch . It w as n o t uncom m on for an  individual n u d ib ra n c h  to  position 
itse lf a top  a  portion  of s to lo n  for m any  h o u rs  (4-6). Over an y  single  h o u r 
several p e rio d s  of bu cca l a p p a ra tu s  p u lsa tio n s  a lte rn a tin g  w ith  longer periods 
o f ap p a ren t Inactivity w ere  observed. The periods of p u lsa tio n s  of th e  b u cca l 
a p p a ra tu s  w ere sh o rt, u su a lly  1-3 m in u tes  long w ith  u p  to 10-15 m in u tes  
betw een s e ts  of b ucca l p u lses . A m in im u m  of 1 h r  w as n ecessa ry  for a
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n u d ib ra n c h  to p en e tra te  the  perisarc  b u t p enetra tion  averaged  3.3 h rs  (SE= 1.2: 
n=6). This type of behavior suggested  a  chem ical com ponent to the penetra tion  
p rocess  becau se  th e  n u d ib ran ch  paused  betw een m u scu la r or m echanical 
m an ipuations.
E u b ran c h u s  exiguus w as also  a  suc to ria l feeder, b u t  fed only th ro u g h  the 
p e risa rc  of hydrothecae. N ud ib ranchs (n=6) crawled up  hydrocau li a n d  
positioned  them selves a t th e  b a se  of a  hydro theca. The a n te r io r  portion  of the 
foot g rasped  the  b a se  of the  th eca  securing  the  n u d ib ran ch 's  m outh  ag a in s t the 
p e risarc . C on tractions of the  odontophore everted the ra d u la  w hich sc rap ed  the 
thecal surface. W hen a  hole w as created, th e  ten tacles a n d  hypostom e of the 
h y d ra n th  d isappeared  in to  th e  theca  and  tis su e  was w ith d raw n  th ro u g h  the  
base . The n u d ib ran ch  left w hen  all tissu e  w as removed. T he entire feeding 
p ro cess  occurred  in  1-2 m in (SE= 10.6 sec). E ach  successive  polyp e a te n  by a 
n u d ib ra n c h  took longer to consum e.
T he pen etra tio n  hole p roduced  by E. ex iguus w as elliptical (Figure 3-6). 
The s id e s  of th e  ho les were jagged  an d  the  p e risarc  of th e  th eca  show ed a  
ripped , ra th e r th a n  w orn or sc rap ed  perisarc  a s  in  holes in  s to lons p ro d u ced  by 
D oto. The w idth  o f th e  hole a t  its  cen ter a n d  w idest point w a s  sim ilar to  the 
w id th  o f the  top 3  denticles on  th e  rach id ian  too th  (Table 3-3). The la te ra l teeth 
on ra d u la e  of E u b ran c h u s  w ere n o t observed contacting  th e  thecal p e risa rc  
d u rin g  th e  feeding process.
T he  feeding m echan ism  u sed  by Tergipes tergipes differed from th o se  of 
the  p rev ious species: Tergipes a ttack ed  n ak ed  tissue. S m all individuals (<4 
mm) p laced  the ir m o u th  a top  a  polyp an d  ra sp ed  tissue d irec tly  from th e  area  
a ro u n d  the  hypostom e. If th e  h y d ran th  w as re trac ted  in to  th e  theca, th e  
n u d ib ra n c h  would cu rl its  body over the  theca l rim  to re a ch  th e  polyp tissu e . 
S m aller ind iv iduals (<1 mm) w ould crawl in to  hydro thecae  to  feed u p o n  polyps.
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While d irect observations clarified the u se  of the rad u la  in  raking tis su e  from 
the  polyp, I cou ld  not de term ine  w hether th e  jaw s were a lso  utilized. Sm all 
individuals (n=5) of Tergipes requ ired  up  to 2 h ou rs  to consum e a n  enLire polyp 
(mean= 75 m in; SE=45 min).
Larger individuals (n=8) o f Tergipes (>3 mm) w ere ab le  to e ith e r rip  the 
u p p e r h a lf o f th e  polyp or th e  en tire  polyp from a hydro theca. This p ro cess  was 
very rap id  com pared  to the  slow  rasp ing  of sm aller T erg ipes. The ap p ro ach  to a 
polyp, co n su m p tio n  of the  polyp  and  d e p a rtu re  from th e  b ra n c h  took a s  little as 
60 sec (m ean=150 sec; SE=75 sec).
In ad d itio n  to eating w hole polyps, individuals of Tergipes >2 m m  cropped 
ten tacles. The n u d ib ran ch  positioned  itse lf a t  the  tip o f a  ten tacle  a n d  
consum ed  th e  whole ten tacle. The ten tacle  w as th en  sn ip p ed  off a t  its  base . A 
3 -4  m m  Tergipes could ea t 60 -80%  of a w horl of ten tac les  on a  polyp of Q. 
gen icu lata  in  2 5 -3 0  sec.
H ab ita ts  of N udibranchs
E ach  n u d ib ra n c h  species occupied a  p a rticu la r a re a  w ithin th e  hydroid  
colony. D en d rono tus w as co n sp icu o u s on  hydrocauli a n d  w as generally  
tow ards th e  c e n te r  of the  colony am ong tall hydrocauli a t  h igh den sities . Doto 
w as m ostly  found  along the  edge of the colony on the  ke lp  surface or o n  stolons. 
E u b ran c h u s  w as  usually  on hydrocau li a long  the  edge o f th e  colony. Tergipes 
w as com m only found  in the  c e n te r  of the hydroid colony w here tall hydrocau li 
a t  h igh  den sities  a re  p resen t. Tergipes w as seldom ly found  off hydrocau li bu t 
w hen  it w as o n  th e  kelp su rfa ce  it w as actively craw ling to an o th er hydrocau lus.
A m ultip le  analysis o f covariance found  no  in te rac tio n  betw een h a b ita t 
p a ram ete rs , a n d  n u d ib ran ch  spec ies  an d  size (Table 3-4).
A m ultip le  analysis  of v a rian ce  tested  h ab ita t effects on n u d ib ra n c h  size
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within a  species. S izes of D en d ro n o tu s . Doto an d  E u b ran c h u s  w ere not 
significantly  related to a n y  hab ita t param eter. However, two h a b ita t  param eters  
(height a n d  density  of hydrocauli a ro u n d  a  n u d ib ran ch ) were re la ted  to size of 
Tergipes (Table 3-5). Large n u d ib ra n c h s  were in a re a s  with ta ller, m ore 
nu m ero u s hydrocauli th a n  sm aller n u d ib ran ch s.
T he h a b ita t occupied  by each  n u d ib ra n c h  sp ec ie s  in  colonies of O. 
geniculata  differed. E ach  h ab ita t p a ra m e te r m easu red  w as im p o rtan t for the 
d istinction  o f where a  p a rticu la r species  of n u d ib ran ch  could be fo u n d  (Table 3-
6). A Tukey-K ram er HSD test w as perform ed to de te rm in e  d ifferences betw een 
species w ith in  each h a b ita t  param eter (Table 3-7).
Ind iv iduals of e ach  n u d ib ran ch  species occupied a  different he igh t on a  
hy d ro cau lu s  (Table 3-6). Individuals o f Tergipes w ere consisten tly  found on 
hydrocauli well above th e  bottom  of th e  hydroid colony. Tergipes  w a s  found a t  
the b o tto m  o f the colony in  only 6% of a ll observations (n=193). A t th ese  tim es 
they w ere craw ling on  th e  kelp surface. Tergipes a lso  positioned its e lf  higher on  
hydrocauli (6.0 mm. SE=0.3) th an  b o th  D endrono tus a n d  Doto (pcO.OOl). b u t 
not significantly  different from  E u b ra n c h u s  (5.6 m m . S E = 0 .1). E u b ra n c h u s  w as 
found on  hydrocau li 69%  (n=16) of th e  tim e and its position  a lso  differed from 
both  D en d ro n o tu s  a n d  D oto (p<0.001). D endronotus m ain ta in ed  a n  
in term ed ia te  position w ith in  the vertical com ponent of the  h ab ita t. Individuals 
of D en drono tus were fo u n d  to be 3 .0  m m  (SE=0.5) above  the kelp su rface , b u t 
in  56% (n=77) of the observations D endrono tus w as o n  the  sto lons o r  crawling 
along on th e  kelp su rface . Doto w as consisten tly  fo u n d  a t the b o tto m  of the 
colony (0 .6  m m . SE=0.3): in  90% (n=76) of all observations Doto w a s  on  stolons 
o r on th e  k e lp  surface. T hese  da ta  w ere  sim ilar to field observations (Figure 3-
7).
Two p a ram ete rs  w ere quantified to  describe th e  im m ediate a re a  (2.25 cm ^)
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a ro u n d  each  species of n u d ib ran ch : m ean height a n d  density  of hydrocauli. 
The hydrocau li a ro u n d  D endrono tus {15.7 mm , SE=0.6) were significantly  taller 
th a n  those a ro u n d  all o th e r n u d ib ra n c h s  (p<0.001). The height of hydrocauli 
a ro u n d  Tergipes {13.3 m m , SE=0.3), E u b ran ch u s  (12.3 m m . SE=0.3) a n d  Doto 
(11.5 nun, SE=0.5) w ere n o t significantly different from  each  o ther {Table 3-7). 
The den sity  o f hydrocauli a ro u n d  individuals of each  species of n u d ib ran ch  
show ed th e  sam e  general p a tte rn  (Table 3-7). The a re a s  a ro u n d  D endrono tus 
(14.6 h y d ro cau li/2 .2 5  cm 2 , SE=0.6) an d  Tergipes (13.4 h y d ro cau li/2 .2 5  cm2 , 
SE=0.5) con tained  a  sim ilar a n d  higher, density  of hydrocauli a n d  b o th  were 
significantly  different (pcO.OOl) from  th e  a reas  a ro u n d  E u b ra n c h u s  (10.7 
h y d ro cau li/2 .2 5  cm 2 , SE=0.4) a n d  Doto (10.3 h y d ro cau li/2 .2 5  cm 2 . SE=0.5). 
E u b ran c h u s  an d  Doto occupied a re a s  th a t were not significantly  d ifferent from 
each  o th e r (Table 3-7).
Ind iv iduals of Tergipes tended  to  occupy a  m ore cen tra l a re a  of the  colony. 
They w ere found  4 .05  cm  (SE=0.2) from the edge of the  colony. Tergipes w as 
fu rth e r from  th e  edge of the  colony th a n  Doto a n d  E u b ra n c h u s  (p<0.001) b u t 
n o t significantly  different from  D en d ro n o tu s . D endrono tus w as found  2 .6 5  cm 
(SE=0.2) from  th e  edge of th e  colony. Doto an d  E u b ran c h u s  occupied sim ila r 
a re a s  of th e  colony a s  D endrono tus (Table 3-7). Doto w as 2 .6 2  cm  (SE=0.2) 
from  th e  edge of the  colony while E u b ran c h u s  w as 2 .2 8  cm  (SE=0.3) from  th e  
edge of th e  colony.
P erisarc  Analysis
The w id th  of the  pe risa rc  of colonies of Q. gen icu lata  differed am ong  
s tru c tu re s  (stolons, hydrocauli. theca) w ithin a n  a re a  a n d  betw een  a re a s  of the  
hydro id  colony (Figure 3-8). The perisarc  su rro u n d in g  sto lo n s  a n d  hydrocau li 
w as th icker in  the  cen te r th a n  th e  edge of the  colony. The p e risa rc  on
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hydro thecae  w as sim ilar betw een b o th  a reas  of the colony. Along the edge of 
th e  colony, th e  th ick n ess  of the  p e risarc  differed (Stolons > Hydrocauli. 1=3.105. 
p<0.002: S to lons > H ydrotheca. t= l 1.661. p<0.001: H ydrocauli > H ydrothecae. 
t=9.367. p<0.001). In th e  cen te r of th e  colony th e  perisarc  su rro u n d in g  stolons 
a n d  hydrocau li w as sim ilar, b u t b o th  were significantly th icker th an  th e  
perisarc  covering the hydro thecae  (Stolons > H ydrothecae. t=19.781. p<0.001: 
H ydrocauli > H ydrothecae, t=20.152, p<0.001).
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DISCUSSION
R ad u lar s tru c tu re s  an d  feeding m echan ism s vaiy in n u d ib ra n c h s  co­
occurring  w ithin  colonies of Q. g en icu la ta . E ach  n u d ib ran ch  species u sed  a 
d istinc t m ethod  to ingest hydroid tissue; little overlap existed betw een species. 
Individuals w ithin  a species show ed som e v aria tio n  w ith re sp ec t to the  hydroid  
s tru c tu re  they  fed upon , b u t sm all n u d ib ran ch s  (<6 mm) ap p ea red  to be 
restric ted  m ostly  by th e  s tru c tu re  of the ir rad u la  w hich de term in es  how they  
feed (Hinde. 1958; N ybakken. 1970; Mills, 1977).
Feeding Biology
N ybakken a n d  M cDonald (1981) predicted th a t  n u d ib ra n c h s  w ith  wide, 
trise ria te  ra d u la e  sh o u ld  feed u p o n  naked  h y d ra n th s  and  gonophores. 
D en d ro n o tu s  frondosus h a s  a  wide, m ultiseria te  rad u la  (Figure 3-2) a n d  
Robilliard (1970) described  the  general feeding behavior of D en d ro n o tu s  a s  
b iting  w hole polyps a n d  suction ing  coenosarc. My findings su p p o rt Robilliard. 
b u t it a p p e a rs  th a t th e  m echan ism s used  by D endrono tus a re  size dependen t. 
Sm all ind iv iduals (<5 mm) feed by piercing the  pe risarc  a n d  su c tio n in g  th e  
coenosarc. while la rger n u d ib ra n c h s  (>5 mm) b ite  whole polyps. The jaw s a re  
th e  p rim ary  s tru c tu re s  u sed  to p en e tra te  the p e risa rc  of s to lo n s  an d  th ecae  
(W aters. 1966; Robilliard. 1970). A large tear w as found in  th e  sto lon  a fte r a  
feeding b o u t by  a  4 m m  individual (Lambert, u n p u b . SEM observation). In  th is  
in stance , th e  rad u la  w as only u sed  a s  a  rasp  to p u ll coenosarc from the  open  
sto lon  (W aters. 1966; pe rs . obs.). W hen feeding on  polyps, th e  oral pap illae  are 
u sed  to o rie n t the  n u d ib ra n c h  to th e  hy d ran th  b y  lightly to u ch in g  the  polyp 's 
ten tacles. T he rad u la  c rea te s  a  su c tio n  th a t p u lls  th e  polyp tow ards th e  m o u th  
while th e  Jaw s bite th e  polyp a t  its  b ase . C h ris tian sen  (1977) describes a
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s im ila r m ech an ism  of coordinating  Jaw s a n d  radu la  for feeding by P reeu thona 
peach i on H vdractln ia . B ecause  P. peachi h a s  a  u n ise ria te  radula  (Thom pson 
a n d  Brown, 1984) in c o n tra s t to D en d ro n o tu s . it suggests  th a t n u d ib ra n c h  size 
re la tive to hydroid  prey is a  b e tte r  ind icato r of feeding m ode th an  is ra d u la r  
s tru c tu re  for la rge  individuals.
A lthough E u b ran c h u s  ex iguus h a s  a  triseria te  rad u la , ind iv iduals only 
feed by  p en etra tin g  the b a se  of hydrothecae. con trary  to th e  p red ic tions of 
N ybakken an d  M cDonald (1981). and  w ithdraw ing the  h y d ra n th  from  th e  cup 
by su c tio n . The jaw s m ay a s s is t  penetra tion  of a  h y d ro theca  by p in ch in g  the 
th in  perisarc: however, the  w id th  of the narrow , longitudinal p en e tra tio n  hole 
(F igure 3-6) co rresponds to th e  top 3 den tic les on the  rach id ian  to o th  (Table 3- 
3). T h e  lateral te e th  are very th in , delicate s tru c tu re s  th a t  ap p ea r to have  little 
fu n c tiona l u tility . These d a ta  suggest th a t  th e  lateral te e th  a re  vestig ial 
s tru c tu re s  an d  a re  u n im p o rtan t in the feeding process by  E. ex ig u u s. Schm ekel 
(1985) suggested  th a t a  red u c tio n  from b ro ad  radu lae  to n arrow  ra d u la e  has 
o ccu rred  in th e  evolution o f op is th o b ran ch  radu lae. Also, the  E u b ran ch id ae  
b re a k  off early in  the  phylogeny w ithin the  superfam ily  Acleioprocta a n d  a re  one 
of on ly  two fam ilies w ith in  th is  superfam ily th a t have re ta in ed  a  trise ria te  
ra d u la  (Schm ekel an d  P o rtm ann , 1982). Two m echan ism s for rem oving  polyp 
t is su e  from  the  hydro theca  a re  feasible: (1) the  rach id ian  tooth  ra sp s  tis su e  
a n d  m ay  pull th e  polyp o u t from  the  bo ttom  of the  cup or (2) the bu cca l 
a p p a ra tu s  a s s is ts  by  creating  a  vacuum  to su c tio n  (Kohn, 1983). T he second 
m ech an ism  is m o re  probable b ecause  ra sp in g  w ould be  a  slow er p ro cess  th an  
su c to ria l feeding a n d  E u b ran c h u s  rapidly p en e tra tes  a  hydro theca  a n d  removes 
the  polyp  (15-30 seconds; pe rs . obs.).
According to  N ybakken a n d  M cDonald (1981), n u d ib ra n c h s  w ith  
u n ise r ia te  ra d u la e  should  feed upon  sto lons th a t  are  covered w ith perisarc .
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They suggested  th a t a  u n ise ria te  radu la  is be tte r a d ap te d  for drilling holes th an  
rad u lae  w ith  th ree  teeth  p e r  row. Doto a n d  Tergipes b o th  have narrow , 
u n iseria te  rad u lae , b u t veiy  different feeding m echan ism s. Doto feeds by 
rasp ing  a  hole th rough  s to lo n s  while Tergipes rakes n a k ed  tissue  o f h y d ran ths.
The ra d u la  of Doto is flat w ith the  cen tra l denticle  of the ra c h id ian  tooth 
dep ressed  below  the  la te ra l denticles (Figure 3-2C. 3-2D ). The p en etra tio n  
holes a re  c ircu la r (Figure 3-5) an d  sim ilar to  those p ro d u ced  by m uricid  snails 
(Carriker, 1969), octopods (Nixon and  M acom m achie. 1988) and  by  th e  dorid 
n u d ib ra n c h  O kadaia e legans (Young, 1969). Each of th e se  p reda to rs  prey upon 
organism s th a t  have a  calca reo u s exoskeleton (molluscs) or live in calcareous 
tu b es  (serpulld  polychaetes). These a u th o rs  show evidence of chem ical 
a ss is tan c e  d u rin g  the  p en e tra tio n  process. M uricid a n d  naticacid  sn a ils  utilize 
secre tions from  the  accesso ry  boring o rgan  (Carriker. 1969: 1981), octopods 
utilize saliva from  the p o sterio r salivary g lan d s (Nixon, 1979a, b: N ixon and  
M aconnachie, 1988) an d  Y oung (1969) su g g es ts  th a t Q. elegans u se s  secretions 
from  g lan d u la r cells a ro u n d  the  lum en o f th e  m outh  w h ich  he feels a re  p a rt of 
th e  stom odeal gland. T he penetra tion  hole produced b y  Doto show s a n  etching 
p a tte rn  along th e  sides (Figure 3-5B) a s  w ell a s  a  de terio ra ted  top (F igure 3-5D) 
th a t su g g ests  th e  presence o f a  caustic  ag en t. The behav io r of Doto s ittin g  atop 
sto lons for long  periods of tim e  w ith sh o rt p u lses  of th e  buccal a p p a ra tu s  
a lte rn a tin g  w ith  longer periods of inactivity is sim ilar to  th e  drilling-related 
behavior o f th e  snail U rosalp lnx  described by  C arriker (1969). This su ggests  
Doto m ay u s e  chem icals to a s s is t  in the  pen etra tio n  of ch ilinous p e risa rc  of Q. 
g en icu la ta . No repo rts  ex ist th a t  show do to id s to p o sse ss  glands cap ab le  of 
secre ting  s u b s ta n c e s  for d isso lu tio n  of p rey  skeleton. T h e  salivary g la n d s  are 
unlikely  c an d id a te s  b ecau se  they  do n o t p ro d u ce  sec re tio n s  con tain ing  lytic 
enzym es (H ym an, 1967; W elsch  an d  S to rch . 1973). T h e  drilling p ro cess  m ay be
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purely m echan ical a s  th e  n u d ib ran ch  uses  the den tic les of the ra d u la  to rasp  
th rough th e  chitin  of th e  perisarc b u t  histochem ical work is needed  to fu rther 
e lucidate th is  m echanism .
Tergipes tergipes h a s  a  narrow , hooked ra d u la  th a t Is well ad ap ted  to rake 
naked tis su e . Individuals of all sizes (< 1 mm to 6  mm) feed by ra sp in g  tissue  
directly from  polyps. N ybakken a n d  E astm an  (1977) showed th a t  th e  curved 
radu la  o f T riopha carp en te ri is b e tte r  for ripping flesh  from erect biyozoa th a n  
the  flat ra d u la  of T riopha m aculata  w hich  is u sed  to scoop polypides from 
colonies o f  M em branipora m em b ran acea . an  en c ru stin g  bryozoan. The feeding 
m echan ism  observed for Tergipes is sim ilar to the  m echan ism  u s e d  by T. 
carp en te ri. Feeding on  polyp ten tac les  by slu rp ing  seem s to be re s tric ted  to 
larger ind iv iduals (>3 m m ). This m ay  solely be a  function  of th e  m o u th  size a n d  
the  ability  to engulf w hole s tran d s  of tissue.
Size
The n u d ib ra n c h s  inhab iting  colonies of Obelia geniculata a re  all veiy 
small; n u d ib ra n c h s  g re a te r  th an  5  m m  are  seldom  found (C hapter 2). The 
m echan ism  each  species u se s  to feed m ay  be in p a r t  dictated  by  its  size, in 
addition to  th e  s tru c tu re  o f its rad u la . The dorids T riopha c a rp en te ri an d  T. 
m acu lata  re a c h  sizes of several cen tim eters  (B ehrens. 1980). T hey  a re  able to 
either b ite  off or scoop w hole sections o f ectoproct colonies (H arris, pers. 
comm.). H eavy Jaws a re  u sed  to b re a k  th rough  the  relatively th in  exoskeletons 
encasing  zooecia of the  ectoproct colonies. D endrono tus may grow  to 100 m m  
(Thom pson a n d  Brown. 1984). In co lonies of Q. g en icu la ta . Ind iv iduals of 
D endrono tus greater th a n  8  m m  a re  very  rare (C h ap ter 2). b u t a n im a ls  larger 
th a n  5 m m  u s e  Jaws to b ite  off whole polyps. Large D endrono tus feed sim ilarly 
to Triopha sp p . (Nybakken an d  E a s tm a n . 1977). No reports  ex ist describ ing  th e
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feeding behav iors of sm all T riopha spp. a n d  w hether th ey  u se  their ra d u la  to 
p en e tra te  ectoproct skeletons. This suggested  that th e  s tru c tu re  of th e  radula 
is a  m ore a ccu ra te  predictor o f  how  a n u d ib ra n c h  feeds w hen  the a n im a l is 
sm all, a n d  a t larger sizes th e  Jaw s play a n  im portan t ro le in  feeding.
H ab ita ts  an d  Feeding
T he an aly sis  of n u d ib ra n c h  h ab ita ts  suggested  th a t  each  sp ec ies  of 
n u d ib ra n c h  is m ost likely to be  found in  a n  a re a  of the  colony in w h ich  it can 
feed. D en d ro n o tu s  is essentially  a generalist p redator w ith in  colonies of Q. 
g en icu la ta . A lthough a  p a tte rn  between feeding behavior a n d  size o f a  
n u d ib ra n c h  is d iscernable. size is not a  fac to r in de term in ing  the n u d ib ra n c h 's  
position  w ith in  a  hydroid  colony. Large n u d ib ra n c h s  (>5 mm) are  in frequen t 
o ccu p an ts  of colonies of O. g en icu la ta ; only 2.5%  of all n u d ib ra n c h s  o n  colonies 
were la rg e r th an  5  m m  du rin g  th e  two y ears  o f censu sin g  (C hapter 2). Larger 
ind iv iduals (>14 m m ; Miller, 1961)) of D endrono tus feed u p o n  a th e c a te  
hydroids. prim arily  T ubu laria  sp p . (Swennen, 1961; T hom pson . 1964; 
Robilliard. 1970; C lark . 1975; Todd, 1981). Large D en d rono tus a re  v e ry  
obvious in  colonies of Q. g en icu la ta  (pers. obs.). Sw itching from Q. genicu lata  
m ay in  p a r t  be a  function  of T u b u laria  co lonies providing a  be tter re fu g e  from 
fish p red a tio n  a s  well a s  n ecessa ry  caloric req u irem en ts  to  su s ta in  la rg e  
n u d ib ra n c h s .
D oto co ronata  is  found a lo n g  the edge o f colonies, a t  the  b ases o f  
hydrocau li or on th e  kelp su rfa ce  and  am o n g  few, sh o rt hydrocauli. D oto feeds 
p redom inan tly  on s to lons. T he analysis  of p erisarc  th ic k n e ss  showed th a t 
s tru c tu re s  along th e  perim eter o f  colonies h a v e  th inner sk e le ta l coverings than  
s tru c tu re s  a t  the  cen te r. The re la tionsh ip  betw een  h a b ita t  a n d  feeding  biology 
is c o n s is te n t w ith  th e  idea th a t  th e  p redato r shou ld  se lec t food item s th a t  are
109
e as ie r to hand le  (Pyke, et a l.. 1977). This preference to feed a t the  growing edge 
of colonies Is s im ila r to find ings by Harvell (1984) an d  Todd and  H avenhand 
(1989). show ing dorid n u d ib ra n c h s  to feed a t the edges of bryozoan colonies. 
They in te rp re t th is  behavior to  be  re la ted  to the lower calcification a n d  streng th  
of edge zooids (B est and W inston . 1984) a n d  to differences in palatib ility  of 
s tru c tu re s  be tw een  zooids in  a  colony. H arvell (1984) suggests  th a t colonies of 
D endrobean ia  lichenoides h a v e  an  ontogenetic  g rad ien t m arked  by  
m orphological a n d  physiological variation in  tissue c o n ten t of zooids. The 
g rad ien t affects th e  grazing p a tte rn s  of n u d ib ran ch s: n u d ib ra n c h s  prefer to feed 
u p o n  zooids a t  th e  perim eter th a t  are free o f  brown bodies and  reproductive 
s tru c tu re s . In th e  case of D oto . the p reference show n for s to lons a lo n g  the 
perim eter of co lonies seem s to  be  a  re su lt o f a  greater m echan ica l e a se  to 
p en e tra te  th ese  sto lons. Com position o f th e  coenosarc differs be tw een  the 
grow ing edge a n d  th e  center o f  colonies o f Q . genicu lata  w ith  re sp ec t to cellular 
activ ity  (Crowell, 1957: B raverm an, 1971), b u t no rep o rts  d iscu ss  differences in 
n u tritio n a l v a lue  betw een a re a s  in hydroid  colonies a s  w ere  found in  bryozoan 
colonies (Harvell. 1984).
E u b ra n c h u s  exiguus is  generally fo u n d  high on hydrocau li th a t  are 
relatively n u m e ro u s  and  tall. T h is position  is consisten t w ith its  m echan ism  of 
feeding. E. ex ig u u s feeds by  penetra ting  hydro thecae  a n d  suction ing  tissue.
The hydro thecae  have  the th in n e s t p e risa rc  coverings (Figure 3-8) a n d  taller 
hydrocau li have m o re  polyps (Crowell, 1957). E u b ran c h u s  is a lso  found  along 
the  perim eter of th e  colony. T h is  Inconsistency in th e  p a tte rn  th a t a  
n u d ib ran ch  s  h a b ita t  is re la ted  to  its feeding biology cou ld  be a n  a rtifa c t of the 
sm all sam ple size (n=16). A seco n d  possib ility  is th a t E u b ra n c h u s  is  less 
selective in  w here  it feeds in  colonies of Q . geniculata  b e ca u se  th is  hydroid is an  
a lte rn a tiv e  food resource.
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The h a b ita t of Terglpes  tergipes co rresponds to its  feeding behavior. 
Individuals of Terglpes a re  found am ong  m any, relatively tall hydrocauli in  the 
cen te r of th e  colony. Crowell (1957) a n d  B raverm an (1963) show ed th a t th e  
cen ters of hydroid colonies a re  taller, den ser an d  have m ore polyps th a n  th e  
periphery. S ince Tergipes feeds on exposed polyps one m ight expect to find 
them  w here  food is m ost a b u n d an t.
R esource Partitioning
T he m a in  differences am ong th e  four species of n u d ib ra n c h  in  colonies of 
Obelia gen icu lata  a re  in  h ab ita t/fe ed in g  position a n d  ra d u la r  m orphology (Table 
3-8). A reas of the  colony an d  different s tru c tu re s  w ithin a n  a re a  show  v aria tion  
in  density  a n d  height of hydrocauli (Crowell. 1957) an d  in sk ele ta l th ic k n e ss  
(Figure 3-7). D ifferences in  rad u la r s tru c tu re  am ong  n u d ib ra n c h  species a re  
expected (Thom pson a n d  Brown. 1984), th u s  feeding m echan ism s a re  a lso  likely 
to differ (Hinde. 1958; H ughes. 1980). This s tu d y  suggested  th a t  som e 
sep a ra tio n  of the  hydroid  food resou rce  a s  a  consequence of h a b ita t  selection  
w ithin  th e  colony an d  ra d u la r  s tru c tu re /fe ed in g  biology is p re sen t.
C ircu m stan tia l evidence su g g ests  th a t the  hydroid food reso u rce  is 
lim iting in  epiphytic a n d  fouling com m unities (Clark. 1975; H arris , 1987; Todd 
a n d  H avenhand , 1989). If food is lim iting, then  sw itching p rey  o r prey colonies 
m ay relieve com petitive p re ssu re . D endrono tus is capable  of sw im m ing (H arris. 
1973: pers. obs.) an d  a d u lts  greater th a n  12 m m  feed on T u b u la ria  (Miller.
1961; C lark. 1975; Todd, 1981). M any stu d ies  show  th a t T erg ipes. Doto a n d  
E u b ran c h u s  a re  sp ec ia lis ts  on Obelia (Clark. 1975: Todd. 1981), b u t often do  
no t rep o rt th e  species o f Obelia th ese  n u d ib ra n c h  species feed upo n . K uzirian  
(unpub . data) a n d  L am bert (1985) docum en t h igh  a b u n d an c e s  of ad u lts  a n d  egg 
m asses  of E. exiguus o n  colonies of Obelia com m issuralis  (= £). d lchotom a
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(Cornelius. 1975)). Only one egg m ass  of E. exiguus w as found on colonies of O. 
gen icu lata  on  Lam inaria spp. b lades du rin g  the  two y ears  of the  cen su s  
(C hapter 2). D oto coronata  w as never very a b u n d a n t on  O. gen icu lata : h ighest 
a b u n d an c e s  occu rred  in la te  su m m er a n d  reached th ree  indiv iduals per 100 
cm 2 of hydroid colony. Egg ribbons of D. coronata  w ere a lso  infrequently  
found . K uzirian (unpubl. data) found Doto on  colonies of T hu iarla  a r gen tea . 
O belia com m issu ra lis . Q. gen icu lata  on Lam inaria spp . b lades an d  
C am p an u la ria  flexuosa a t  G errish  Island . Kittery, ME. Egg ribbons w ere found 
asso c ia ted  w ith each  prey species b u t predom inan tly  w ith T. a rgen tea . K uzirian 
only found indiv iduals of Doto larger th a n  3 m m . while 71%  of all Doto on O. 
gen icu lata  cen su sed  during  1987-1989 were less th a n  3 m m  (C hapter 2). T his 
suggested  th a t Doto leaves colonies o f Q. geniculata  a n d  sw itches th eca te  
hydro id  prey. A n opposite scenario  is found for Tergipes te rgipes. Tergipes w as 
by  fa r the m ost a b u n d a n t n u d ib ra n c h  on colonies of Q. gen icu lata  on Lam inaria 
b lad es: 94% of a ll n u d ib ran ch s  cen su sed  w ere Tergipes (C hapter 2). T. tergipes 
o ccu rs  on Q. com m issu ra lis  (Kuzirian. u n p u b . da ta: Lam bert. 1985) b u t is 
m u c h  less a b u n d a n t th a n  on Q. g en icu la ta .
R esource partition ing  o f the  hydroid colony a s  a  consequence  of p resen t 
com petition  is unlikely  to be a  m ajor factor allowing coexistence of th is  su ite  of 
n u d ib ra n c h  p red a to rs . In terference com petition  is seem ingly  too ra re  or w eak 
to c a u se  the  observed  p a tte rn s  of p redation . O ne could expect large sep a ra tio n s  
in  reso u rce  u se  in  ex tan t com m unties  due  to the ghost o f com petition p a s t 
(Connell. 1980). b u t  I would still expect aggressive behav io rs to occur m ore 
frequen tly  w hen  n u d ib ra n c h s  enco u n te red  each  o th e r (C hapter 4). It ap p ea rs  
th a t  Q . gen icu lata  is a  fringe food resou rce  a n d  h a b ita t for E u b ran c h u s  a n d  
D oto . a  n u rse ry  h a b ita t (C hapter 2) for D endrono tus a n d  possib ly  for D oto. a n d  
th e  p rim ary  re so u rce  for Tergipes. D ifferential se ttlem en t a n d  recru itm en t by
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all four sp ec ie s  of n u d ib ra n c h s  can  a t  tim es overw helm  the hydroid , but 
equilibrium  conditions n ecessary  for exclusion a re  unlikely to o c cu r or persist 
for long periods. T herefore resource partition ing  n eed  not be invoked to explain 
the c o n tin u e d  coexistence of these p reda to rs .
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Figure 3-1. D raw ings o f a  rad u la  too th  from a  A.) dorsal a n d  B.) lateral 
perspective. Schem atics show  th e  m e asu re m e n ts  m ade to 
quanitfy  ra d u la r  s tru c tu re . (WR = W idth of R adu la . Wj. -  
W idth o f rach id ian  tooth . Lj- = Length of rach id ian  tooth)
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d i s t a n c e  EF 
d i s t a n c e  CDCurva tu re  Index =
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Figure 3-2. S can n in g  electron m icrographs of rad u lae  from  D en d ro n o tu s  
fron d o su s  (a.b) an d  Doto coronata (c.d) from a  d o rsa l (a.c) an d  




Figure 3-3. S can n in g  electron m icrographs of rad u la e  from E u b ran c h u s  
exig u u s  (a.c) and  Tergipes te rgipes (c.d.e) from a  d o rsa l (a,c) 




Figure 3-4. S cann ing  electron  m icrographs of A.) a  h e a lth y  feeding polyp 
of O belia gen icu lata  an d  B.) th e  dam age p roduced  by 
D endrono tus frondosus (size 8  mm) after feeding. S cale b a rs  
200  um .
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Figure 3-5. S cann ing  e lectron  m icrographs of s to lo n s  of Obelia gen icu lata  
show ing drill holes p ro d u ced  bv Doto co ronata  d u rin g  feeding. 
Scale bars: a .c  = 20 um . b .d  = 50 um .
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Figure 3-6. S can n in g  electron m icrographs o f hydro thecae of Qbelia 
gen icu la ta  showing pen etra tio n  h o les produced by  
E u b ra n c h u s  exiguus du ring  feeding. In a an d  c th e  arrow  
po in ts to the  area of dam age; b ,d  a re  m agnifications of th ese  
areas. S cale  bars: a .c  = 50 um , b ,d  = 10 um ,
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Figure 3*7. Field observations of p roportions of n u d ib ra n c h s  occupying 
different h e ig h ts  on hydrocau li in Q. gen icu lata  colonies on 
L am inaria  spp . blades a t C ape  Neddick, ME.
1 2 6
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Dendronotus Doto Eubranchus Tergipes
Figure 3-8. H istogram  of the  th ick n ess  of th e  perisarc of O belia gen icu lata  
from  sto lons, hydrocau li and  th e ca e  from c e n tra l  and  
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Table 3-1. M ultiple analy ses of variance of p a ram eters  of rad u la r s tru c tu re  for 
th e  4  species of n u d ib ra n c h s  ID endronotus frondosus. Doto corona ta . 
E u b ra n c h u s  ex iguus a n d  Tergipes te rgipes). M easu rem en ts  of radu la  w idth 
fWR). and  leng th  (Wi) an d  w id th  (Wr) of the  rach id ian  to o th  were a d ju s ted  to the 
s ize  o f the  ind iv idual n u d ib ra n c h  a n d  In (x+1) transfo rm ed  to stabilize variance. 
T he n u m b er of den tic les w ere sq u a re  root (x=0.5) tranform ed . Model: In WR, In 
VVj, In Wr , sq r denticles, ang le  = c o n stan t + species of n u d ib ran ch .
Variable SS d f MS F P
In  WR 40.716 3 13.572 397 .356 <0.001
E rror 1.810 53 0 .034
In Wr 6.772 3 2 .257 56.743 <0.001
E rro r 2.101 53 0 .040
In 10.741 3 3 .580 83.263 <0.001
E rro r 2.279 53 0.043
Sqr(denticles) 2 .946 3 0.952 94.119 <0.001
E rro r 0 .553 53 0 .010
Angle 11646.59 3 3882 .19 65.73 <0.001
E rro r 3130.28 53 59 .0 6
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T able 3-2. P aram eters  o f th e  radu lae  of n u d ib ran ch s  feeding on Obelia 
g en lcu la ta . L ength  m easu rem en ts  a re  s tan d a rd ized  to accouon t for size 
differences betw een  indiv iduals w ithin a  species. T hree tooth rows from 4 
indiv iduals o f D endrono tus fro n d o su s . Doto corona ta  an d  E u b ran c h u s  ex iguus 
a n d  7 indiv iduals of Tergipes tergipes w ere used . V alues reported  a re  m eans 
(s tan d ard  erro rs) of all too th  rows m easu red .
D endronotu s D oto Eubranchus Tergipes
n u m b e r of to o th
rows exam ined
12 12 12 21
W id th  of R adula 39 .43 3 .5 6 31.31 8.02
(1.13) (0.05) (1.40) (0.51)
W idth  of R ach id ian 9 .84 3 .5 4 7.43 7.15
Tooth (0.25) (0.05) (0.40) (0.46)
L ength  of R achid ian 7 .48 1.56 6.87 4 .44
Tooth (0.33) (0.07) (0.37) (0.28)
N um ber of L a tera l 10.58 3 .33 4.92 7.52
D enticles (0.31) (0.14) (0.31) (0.36)
A ngle of Radula(°) 58 .2 0 2 1 .5 7 36 .45 22 .45
(2.83) (0.95) (1.94) (1.86)
C u rv a tu re -- -- — 0.293
(0.04)
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Table 3-3. A) P aram eters  of the  pen e tra tio n  hole (Figure 3-6) p roduced  in 
hydro theca  of Obelia ffeniculata by E u b ran c h u s  exig u n s  (size=4 mm). B) W idth 
m easu rem en ts  (um) from rad u lae  of 4 m m  individuals of E. ex ig u u s. Values a re  
m eans (s tan d ard  errors).
A.
W id t h  o f  H o l e  .
Shape o f  P en etration  H ole Top M iddle B ottom  Length
Ellipitical 5 .70 8.00 4.08 32.86
(0.26) (1.07) (1.21) (3.36)
B.
Radula R achidian Top Top 3 T op 5
T ooth D en tic le D en tic le s D en tic le s
103.70 28 .62 4 .24 6 .46 11.49
(3.86) (2.80) (0.26) (0.48) (0.33)
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Table 3-4. M ultiple analy sis  of covariance table of h a b ita t p a ram ete rs  of 
n u d ib ra n c h s  w ith in  colonies of Qbelia ffeniculata a n d  size of nu d ib ran ch s. 
Model: inverse (height on  hydrocauli+1), m ean  height of hydrocauli a ro u n d  a 
n u d ib ran ch . In (density hydrocau li a ro u n d  a  nudibranch+ 1). In (d istance from 
th e  edge of th e  colony+1) = c o n sta n t + species + size + (species*size).
Variable d f F p
Effect = Species
Inverse height 3. 354 14.404 <0.001
M ean height 3. 354 4 .968 0 .002
In density 3. 354 1.217 NS
In d is tan ce 3. 354 1.346 NS
from  edge
Effect = Size
Inverse height 3. 354 0.001 NS
M ean heigh t 3. 354 0 .170 NS
In density 3. 354 0.045 NS
In d is tan ce 3. 354 0 .010 NS
from edge
Effect = S pecies’Size
Inverse height 3. 354 0 .597 NS
M ean heigh t 3. 354 2.282 NS
In density 3. 354 1.200 NS
In d is tan ce 3. 354 1.119 NS
from  edge
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Table 3-5. A nalysis of variance  table te s tin g  the re la tionsh ip  betw een h ab ita t 
p a ram ete rs  of n u d ib ra n c h s  in  colonies of Obelia gen ieu lata  and  size o f the 
n u d ib ran ch . Model: Inverse (height on a n  hydrocaulus+1). M ean height of 
hydrocau li. In (density  of hydrocauli a ro u n d  a  n u d ib ran ch ^  1), In (d istance from 
the  edge of th e  colony+1) = c o n s ta n t + size.
V ariable df F P
D endrono tus
Inverse heigh t 1. 75 0 .055 NS
M ean h e igh t 1. 75 0 .118 NS
In den sity I. 75 0.982 NS
In d is ta n ce 1. 75 2 .550 NS
from  edge
Doto
Inverse height 1. 74 0 .040 NS
M ean h e ig h t 1. 74 0.838 NS
In den sity 1. 74 0.013 NS
In d is tan ce I. 74 1.123 NS
from edge
E u b ran c h u s
Inverse heigh t 1. 15 0.122 NS
M ean h e igh t 1. 15 0.554 NS
In den sity 1. 15 0.183 NS
In d is tan ce 1. 15 0.813 NS
from edge
Terglpes
Inverse h e igh t 1. 191 2.847 NS
M ean h e ig h t 1. 191 13.948 <0.001
In density 1. 191 6.689 0.010
In d is tan ce 1. 191 0.437 NS
from edge
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Table 3-6. M ultiple an aly sis  of variance tab le  testing  th e  re la tionsh ip  between 
h ab ita t p a ra m e te rs  of n u d ib ra n c h s  in co lonies of Q helia geniculata a n d  species 
of n u d ib ran ch . Model: Model: Inverse (height on a n  hydrocaulus+1). Mean 
height of hydrocauli. In (density  of hydrocau li a round  a  n u d ib ra n c h + 1). In 
(distance from  th e  edge of th e  colony* 1) = c o n s tan t + species.
Variable d f F P
Inverse  height 3 .3 5 8 51.983 <0.001
M ean  height 3 .3 5 8 11.115 <0.001
In density 3 .3 5 8 8 .827 <0.001
In d is tance 3 .3 5 8 13.981 <0.001
from  edge
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Tabic 3-7. Summary of habitats of nudibranchs inhabiting colonics of Obclia gcniculata. Vertical lines within a habitat parameter 
indicate significant differences (Tukcy’s, p<0.05) between species of nudibranchs for each parameter.
Height on 
Upright
Height of Uprights 
around Nudibranch
Density of Uprights 
around Nudibranch
Distance from Edge 
of Colony
High 1 Tcrgjpcs 
I Eubranchus
Dsodmaatus CfiDlllQDPlUS TereiDes
Mid 1 Deodronoius TereiDcs
Eubranchus
Eubranchus Dendronotus
Low | Doto Doto V m Doto
Eubranchus
Table 3-8. Resource partitioning among nudibranchs inhabiting colonies of Ohelia peniculaia on blades of Laminaria spp..
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CHAPTER 4
BEHAVIORAL INTERACTIONS AMONG NUDIBRANCHS IN COLONIES 
OF THE HYDROID QBELIA GENICULATA
INTRODUCTION
B ehavioral in te rac tions betw een species in  a  com m unity  often  affect the  
u se  o f resou rces by those species. Aggression by s tem  boring in sec ts  (Rathcke. 
1976) a n d  d u n g  beetles (Bartholom ew  an d  H einrich. 1978) lim it access  to food 
re so u rce s  of congeners a n d  o th e r species. In th e se  s tud ies, w h en  indiv iduals of 
d ifferen t species enco u n te red  each  other, a tta c k s  by  the  su p erio r resu lted  in 
in ju ry  o r death  o f th e  su b o rd in a te . Also, in te rac tio n s  betw een sp ec ies  m ay be  
in freq u en t an d  o ccu r only a t h igh population  densities . P opu la tions of the  
w hite butterfly  fPleris rapae) depressed  the  a b u n d an c e  of flea b eetles  on collards 
by inh ib itin g  access  to the  food (Chew. 1981). E ach  of th ese  c a se s  describes 
in terference  com petition  w here th e  actions of ind iv iduals directly  affect how 
species u se  reso u rces . A lthough s tu d ie s  show  in terference com petition  in  
in sec t com m unities, th ese  s itu a tio n s  a re  ra re  (Strong, e t al.. 1984).
S tu d ies  on in terference com petition  a re  concerned  w ith  th e  sym m etry  of 
in te rac tio n s  betw een  species (Lawton a n d  H assel. 1981: Persson , 1985). S ince 
the effects of one species on a n o th e r a re  n o t equal, reciprocal effects of inferior 
species on  the  su p e rio r species a re  u su a lly  very sm all o r und e tec tab le . To 
d e term in e  the  relative im portance  of in terference com petition betw een  different 
p o p u la tio n s  o r th e  p roportion  of possible species in te rac tio n s  w hich  a re  
significant, one n e ed s  to exam ine single species p a irs  for interspecific 
com petition  com pared  w ith in traspeciflc  in te rac tio n s  (Keddy, 1989).
In  m arine, in te rtid a l m udfla ts , h a b ita t u se  by native sn a ils  Is restric ted  by 
in terference  from  in troduced  sn a ils . The Pacific m u d  snail. C erith idea
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califom ica is confined to m arsh  p an s  in S a n  Francisco B ay by behaviorallv 
avoiding Ilvnassa obsoleta  (Race. 1982). In B arnstab le  H arbor. MA th e  
periw inkle L lttorina littorea lim its the m icrohab ita t d is trib u tio n  of I. obsoleta in 
the  m id-in tertida l zone (Brenchley and  C arlton. 1983). L. littorea s tim u la te s  an  
avo idance  resp o n se  in  I. obsoleta  by grazing on shell ep ifauna. This behavior 
in terferes w ith th e  foraging, locom otory a n d  reproductive activities o f the native 
snail. A lthough behavioral in te rac tions betw een  m arine gastropods affect 
d is trib u tio n s  in som e system s, th e  phenom enon is no t un iversal (B erm an.
1989)
In  m arine  ep ifaunal com m unities, s tru c tu re  th a t m im ics p la n ts  is 
provided by sessile  inverteb ra tes  su c h  a s  hydroids. N ud ib ranchs e ith e r  graze 
a n d  c rop  polyps o r  p en e tra te  o u te r  skele tons an d  su c tio n  tissue  (N ybakken and  
M cD onald. 1981; C h ap ter 3). T hese  m echan ism s a re  an a lag o u s  to  in sec t 
feeding m ech an ism s on  g rasses a n d  sh ru b s  (Strong, e t a l.. 1984; H ow e and 
W estley. 1988). O ften, the a b u n d an c e  an d  presence of p a rtic u la r  sp ec ie s  of 
n u d ib ra n c h s  a re  unp red ic tab le  in  epifaunal com m unities b u t w hen m ultip le 
species a re  p re sen t com petition for food a n d  hab ita t a re  likely.
In  th e  so u th e rn  G ulf of M aine b lades a n d  stipes of th e  kelps L am inaria 
s a c c h a rin a  an d  L. d ig lta ta  a re  o ften  dom inated  by the c am p an u la rid  hydroid 
O belia gen icu lata . At least fou r n u d ib ran ch  species frequently  in h a b it colonies 
of O belia spp .: D endrono tus fro n d o su s . Doto co rona ta . E u b ra n c h u s  ex iguus 
a n d  T erg ipes terg lpes (Swennen. 1961; C lark . 1975; Todd, 1981; C h a p te r  2). 
E n c o u n te rs  betw een  these  n u d ib ra n c h s  o c cu r frequently, b u t  the e x ten t to 
w hich  in te rac tio n s  d ic ta te  how e a c h  species u se s  the hyd ro id  colony is  
unknow n .
T h is  s tu d y  u tilized  two techn iques to  docum ent th e  degree of in teraction  
betw een  n u d ib ra n c h s  w ithin Q. gen icu lata  colonies in th e  G ulf of M aine. The
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behaviors of each  n u d ib ran ch  were observed in pair-w ise in te rac tions and  
experim ents m an ipu la ted  d ensities  of ind iv iduals of each  n u d ib ran ch  species. 
The potential for w hether in terference betw een n u d ib ra n c h s  plays a  role in how 
n u d ib ra n c h s  a re  d is trib u ted  w ithin  a  hydroid colony is d iscussed .
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MATERIALS AND METHODS
Collection of A nim als 
N ud ib ranchs a n d  hydroids w ere collected from a shallow  (4 -10m), subtidal 
ke lp  bed  a t C ape Neddick, York, ME from M ay - Septem ber, 1989. Kelp blades 
w ere to m  from s tip e s  and  p laced  in plastic b a g s  while underw ater. In  the  tab 
th e  fo u r n u d ib ra n c h  species w ere  isolated a n d  kep t in  m e sh  co n ta in ers  in 
flowing sea w ater a t  University of New H am psh ire  C oastal M arine Lab in  
N ew castle, NH. Hydroid colonies were a lso  k ep t in tan k s  supplied  w ith  flowing 
sea  w a te r until needed .
B ehavioral In te rac tions 
N ud ib ranchs w ere p laced on  portions o f kelp b lades covered w ith  Q. 
g en icu la ta  in 10 cm  d iam eter s tack in g  d ishes. In te rac tions betw een 
n u d ib ra n c h s  w ere observed w ith  a n  O lym pus SZ-III/Sz-Tr zoom s te reo  
m icroscope. All en co u n te rs  be tw een  n u d ib ra n c h s  were recorded . B ehaviors 
w ere catergorized in to  the following p a tte rn s  (after Allmon a n d  S ebens. 1988): 
to u c h  (contact o f o ra l ten tacles o r  rh inophores w ith  the  o th e r  nu d ib ran ch ), taste  
(con tac t of m o u th  w ith  an o th e r nud ib ranch), clim b (m ovem ent of a n u d ib ra n c h  
over o r  onto th e  b a c k  of a n o th e r nud ib ranch), cringe (quick, m u scu la r 
co n trac tio n  of a  n u d ib ra n c h 's  body), aversion o r avoidance (m ovem ent aw ay 
from  an o th e r nu d ib ran ch ), b ris tle  (the erection  o r  m ovem ent of cerata  tow ard 
a n o th e r  nud ib ranch), no reac tio n  (NR) (either re trac tion  of rh in o p h o res  o r no 
a p p a re n t  movem ent).
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D isplacem ent an d  N earest N eighbor
Pair-w ise, m anipu lative experim ents were conducted  to test w hether the 
location of a  n u d ib ra n c h  differs w hen am ong  conspecifics or heterospecifics. 
N ud ib ranch  d ensities  in  each  trea tm en t w ere co n sis ten t to field densities. Six 
pair-w ise com binations a re  possib le w ith  4  n u d ib ran ch  species. Two 
com binations o f species w ere not tested  du e  to a  sh o rtag e  of n u d ib ra n c h s  
(Tergipes:E u b ra n c h u s . D en d ro n o tu s:E u b ran ch u s). The d ensities  u sed  for each  
species p a ir w ere: Terg ipes:D endrono tus (7:1). Tergjpes.Doto (8:1), 
D en d ro n o tu s :D oto (6:1). D oto :E u b ran ch u s  (2:3).
Interspecific tre a tm en ts  were perform ed by separa te ly  p lacing  individuals 
of two species of n u d ib ra n c h s  (A.B) onto  a  series of th ree  m icroscope slides w ith  
p ieces of O belia-covered kelp  a ttached . Individuals of species A w ere in troduced  
to th e  slides a n d  allowed to estab lish  them selves. S lides w ere su sp en d ed  in 
o pen  slide tray s  in  an  a q u a riu m  a t am b ien t w ater tem p era tu re . A fter 24 h o u rs  
th e  location of e ach  n u d ib ran ch  w as docum ented . F o u r p a ram ete rs  were 
m easu red  to identify the  location of each  nu d ib ran ch : height on  a n  uprigh t, 
d en sity  of hydrocau li in a  1 cm ^ area  a ro u n d  the  n u d ib ran ch . th e  d is tan ce  
betw een  an y  two n eares t n u d ib ran ch s  (nearest neighbor) an d  th e  iden tity  of the  
n e a re s t neighbor. After th e  location of individuals of species A w ere recorded, 
sp ec ies  B w as in troduced  to th e  hydroid colony a n d  the  slides w ere 
re su sp en d ed  in  aq u aria  for 2 4  hours. T he location of each  n u d ib ra n c h  w as 
th e n  again  docum ented . A reciprocal pair-w ise trea tm en t w as ru n  
s im u ltan eo u sly  allowing species  B to e s ta b lish  first.
To con tro l in traspecific  in te rac tions ag a in st a  density  effect, m onospecific 
tre a tm e n ts  w ere  conducted . Protocols w ere identical to heterospecific 
tre a tm e n ts  a n d  w ere ru n  sim ultaneously .
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A nalysis of variance  techn iques w ere utilized in a  random ized block design 
(Zar. 1984) to de term ine  if th e  location of a  n u d ib ran ch  differed w hen  am ong 
conspeciflcs a n d  heterospecifics. The p a tte rn  of sp a tia l d ispersion  of 




B ehavioral In teractions 
T he in itia l behaviors displayed by individuals of each  spec ies  of 
n u d ib ra n c h  w hen  it ap p roached  a n o th e r  n u d ib ran ch  w ere s im ila r (Figures 4-1 
to 4-8). E n co u n te rs  occu rred  while one  n u d ib ran ch  w as craw ling across the  
kelp su rface; m eetings betw een any  two n u d ib ran ch s  on a  hy d ro cau lu s  w ere 
in frequent. O n alm ost all occasions a  n u d ib ran ch  m ade co n tac t w ith a 
heterospecific w ith its rh inophores or oral ten tacles  (Touch) or m o u th  (Taste). 
These en co u n te rs  were b rie f and  the  response of a n y  n u d ib ran ch  to  con tact 
varied b u t  b o th  the in itia to r an d  the  recipient n u d ib ra n c h  generally  reacted  
non-aggressively. The individual behavioral p a tte rn s  for each  species of 
n u d ib ra n c h  a re  described below,
D en d rono tus frondosus
D en d ro n o tu s  w as very  active; individuals w ere  seden tary  very briefly a n d  
only w hen  feeding. W hen a  D endrono tus app roached  a n o th e r n u d ib ra n c h  it 
u sually  m ad e  con tac t w ith  oral ten tac les  or rh in o p h o res  reg ard less  of the  
identity  of th e  o ther n u d ib ra n c h  (Figure 4-1). A fter m aking  c o n tac t w ith 
an o th e r n u d ib ran ch . D en d rono tus u su a lly  re trac ted  its rh in o p h o res  resu lting  in  
a  "no reaction" response  o r clim bed over the o th e r n u d ib ran ch . However, th e se  
resp o n ses  to  in itial co n tac t w ere inconsisten t. In  33%  of the  en co u n te rs  w ith  
Tergjpes. D en d ro n o tu s  tu rn e d  away a n d  re trea ted  w hile in  3% of the  e n co u n te rs  
D endrono tus con tracted  its  body quickly after c o n tac t w hich w as quantified  a s  
a  "cringe" resp o n se . T his w as a reaction  to nem atocysts  a fte r touch ing  the  
cera ta  of T erg ipes. D endrono tus re trea ted  from 24%  of en co u n te rs  with D oto .
A n u m b e r  of n o n -co n tac t (Aversion) en co u n te rs  were a lso  observed. In 
21%  of the  in te rac tio n s  w ith  Tergioes a n d  18% w ith  Doto. D en d rono tus tu rn e d
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aw ay  w hen w ith in  2-3 m m  a n d  avoided a n y  contact. T h is behavior suggested 
a n  ab ility  by D endrono tus to recognize a  heterospecific w ithout any  tactile 
c o n tac t (chemoreception).
The resp o n ses  of Tergloes and  Doto to advances by  D endrono tus were 
generally  non-aggressive (Figure 4-2). M ost reactions w ere sim ply a  re trac tio n  
of o ra l ten tacles o r  rh inophores by bo th  species (NR). After con tac t by 
D en d ro n o tu s . T erg ipes re tre a ted  in 15% of encoun ters  a n d  Doto re trea ted  in 
11%. Avoidance behaviors w ere the second  m ost com m on resp o n ses  to con tac t 
by D en d rono tus a n d  resu lted  w hen large (8-10 mm) indiv iduals of D endrono tus 
ap p ro ach ed  m u c h  sm aller (<5 mm) heterospecifics. In a  few en co u n te rs  (8%) 
w ith  D en d ro n o tu s . Tergipes tu rn e d  an d  b ris tled  its cera ta  a t  the  h e ad  of 
D en d ro n o tu s . T h is  behavior caused  D endrono tus to cringe or leave th e  
im m edia te  area .
Doto coronata
Individuals o f Doto w ere relatively seden tary . It w as not uncom m on  for 
an y  individual to  rem ain  a to p  a  stolon for 2 -3  hours d u rin g  any  observation  
period . E n co u n te rs  in itiated by  Doto w ere very sim ilar: Doto ap p ro ach ed  an d  
to u c h ed  D endrono tus in  87%  of en co u n te rs  an d  in 73% of en co u n te rs  w ith 
Tergipes  (Figure 4-3). Most o ften  Doto followed contact behavior by re trac tin g  
its  rh in o p h o res  (NR) or by clim bing over th e  o ther n u d ib ra n c h  (Figure 4-3).
Doto occasionally  re treated  from  encoun ters . An avoidance behavior a s  
p rev iously  described  for D endrono tus occurred  in  13% a n d  14% on en co u n te rs  
w ith  D en d ro n o tu s  and Tergipes. respectively.
R eactions o f heterospecifics to a n  en co u n te r in itia ted  by Doto w ere sim ilar 
(F igure 4-4). D en d rono tus e ith e r  did n o t re sp o n d  (NR) (57%) or re trea ted  from 
the  en co u n te r (28%). A cringe response w as elicited by D en d rono tus in  14% of 
the  en co u n te rs . T h is  behavior is cu rious b ecau se  Doto does not p o sse ss  stored
145
nem atocysts  or the  ability to secrete  noxious chem icals from its epiderm is 
(Thom pson a n d  Brown, 1984). Tergipes responded less often th an  
D en d ro n o tu s . E nco u n te rs  w ith  Doto e ith e r elicited a  reaction , in th is  case 
Tergipes re trea ted  (21%) or indiv iduals o f Tergipes w ere u n a ro u sed  (NR) (78%) 
(Figure 4-4).
Tergipes tergipes
Individuals of Tergipes w ere generally  active; they  w ould crawl acro ss  the 
kelp su rface  an d  u p  an d  dow n hydrocauli s topp ing  only briefly to feed on  an  
exposed polyp- Tergipes in itiated  a lm ost a ll en coun ters  by e ither touch ing  
a n o th e r n u d ib ran ch  w ith  its  oral ten tac les  a n d  rh inophores or ta s tin g  (Figure 4- 
5). An aggressive behavior (bristling ce ra ta  a t  a  heterospecific) w as elicited to 
b o th  D endrono tus (4%) a n d  Doto (3%) b u t  w as in frequen t. The beh av io r of 
Tergipes a fte r it in itia ted  a n  en co u n te r w as variable. A non-aggressive response 
(NR or climb) occurred  in 52%  of en co u n te rs  w ith D endrono tus a n d  47%  with 
D oto. Also. Tergipes avoided con tac t w ith  heterospecifics by tu rn in g  a n d  
craw ling aw ay w hen w ith in  2 -3  m m  in 16% an d  23% of all en co u n te rs  w ith 
D endrono tus an d  Doto. respectively (Figure 4-5).
T he m ajority  of reactions of heterospecifics to Tergipes were re trac tio n  of 
rh inophores (NR) (Figure 4-6). D endrono tus re treated  o r cringed in  43%  of 
en co u n te rs  w ith  Tergipes w hile Doto re trea ted  from only  3%  of en co u n te rs .
Doto w as u su a lly  ap p roached  w hile it w as a to p  a  stolon, p resum ab ly  feeding. 
The co n tac t (Touch or Taste) m ade by Tergipes seldom  provoked D oto to  
resp o n d  w ith an y  reaction  beyond re trac tin g  its  rh inophores. Never w as Doto 
d isplaced from  a  sto lon. Tergipes would e ith e r  tu rn  aw ay from or craw l around  
Dots-
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E u b ran c h u s  exig u u s
Interspecific en co un ters  w ith  E u b ran c h u s  were in frequen t due  m ostly  to a 
sca rc ity  of n u d ib ran ch s , therefore  all en co u n te rs  w ith heterospecifics were 
pooled  (Figure 4 -7 , 8). W hen E u b ran ch u s  app roached  a n o th e r  n u d ib ra n c h  it 
in itia ted  con tac t b y  touching  or tasting a n d  generally did n o t show  any  fu rth e r 
re sp o n se  (Figure 4-7). E u b ran c h u s  avoided contac t in  15% of all possib le  
en co u n te rs . A voidance by E u b ran ch u s  w as n o t evoked in  resp o n se  to any  
p a rtic u la r  heterospecific. R e trea ts  from en co u n te rs  an d  a  cringe resp o n se  
o ccu rred  in 6% a n d  3% of en co u n te rs  w ith D oto. respectively.
W hen o th e r n u d ib ra n c h s  approached  E u b ran c h u s . th e ir behaviors were 
s im ila r  to those previously described . T ouching  and  ta s tin g  occurred  in 82%  of 
all en co u n te rs  a n d  avoidance o f a n  in te rac tio n  occurred in  the  rem ain ing  18% 
of possib le  e n co u n te rs  (Figure 4-8). The com bination  of a  n u d ib ra n c h  avoiding 
c o n ta c t (18%) w ith  E u b ran c h u s  an d  re trea tin g  from a n  en co u n te r after co n tac t 
(27%) is sim ilar to th e  p a tte rn s  seen  for Terg ipes. Both E u b ra n c h u s  a n d  
T erg ipes store nem ato cy sts  in  th e ir cerata  w h ich  provide a  defensive ability. 
In traspeciflc In te rac tio n s
W hen any  n u d ib ra n c h  app roached  a  conspecific th e ir  behaviors w ere very 
s im ila r  (Figure 4 -1  to  4-8). R etrac tion  of rh inophores (NR), ta s tin g  an d  clim bing 
w ere th e  m ost freq u en t re sp o n ses  by an  in itia to r and  rec ip ien t of all species. In 
all species except Tergipes. ind iv iduals did re tre a t from a n  en co u n te r on  
o ccasio n  (Figure 4 -2 , 4-3, 4-8).
D isplacem ent E xperim ent 
T he overall a re a  utilized by  a  n u d ib ran ch  w ithin a  hydro id  colony is n o t 
gen era lly  affected b y  add itions o f heterospecifics or conspecifics. Height o n  a  
h y d ro cau lu s  did n o t  vary significantly  in a n y  of the four tre a tm e n ts  (Figure 4-9).
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The density  of hydrocauli (tt/cm ^) a ro u n d  a  n u d ib ran ch  w as different after 
a n  add ition  of n u d ib ra n c h s  in som e intraspecific trials. T his difference in 
hydrocau li density  ind ica tes  th a t n u d ib ra n c h s  moved an d  no t th a t they 
modified the  hydroid colony. W hen Doto were ad d ed  to tre a tm e n ts  w ith 
conspecifics th e  a re as  occupied by n u d ib ra n c h s  differed, b u t th is  change w as 
n o t co n sis ten t betw een trea tm en ts . The hydrocauli density  a ro u n d  Doto a fte r 
n u d ib ra n c h s  w ere ad d ed  w as g rea ter in one trea tm ean t (Before=4.8. After=7.2. 
F=5.48, p=0.03), less in an o th e r (Before=6.3, After=4.4, F=7.92. p=0.01) a n d  
s im ilar in  a  th ird  tre a tm e n t (Before=5.6. After=6.9). The a re a  a ro u n d  
ind iv iduals of Tergipes had  fewer hydrocauli in  b o th  trea tm en ts  a fte r 
conspecifics were ad d ed  to the  hydroid  colonies. For D en d ro n o tu s . the  p a tte rn  
w as a lso  inconsisten t: in  one tre a tm e n t n u d ib ra n c h s  w ere found am ong  fewer 
hydrocau li a fter th e  add ition  of m ore individuals (Before=9.7. After=6.2.
F= 13.29, p=0.002), w hile in  the o th er trea tm en t densities of hydrocau li a ro u n d  
th e  n u d ib ra n c h s  show ed no significant change (Before=6.5. After=6.3).
O nly th e  in terspecific trea tm en t betw een Tergipes:D en d ro n o tu s  show ed 
differences in  th e  density  of hydrocauli a ro u n d  n u d ib ran ch s . A fter th e  
in tro d u c tio n  of T ergipes to the  hydroid colonies, individuals of D en d ro n o tu s  
w ere am ong  m ore hydrocau li th a n  individuals o f Tergipes (Df=9.0. H = 5 .4 .
F= 10.03, p=0.006). T h is change in  hydrocauli density  a ro u n d  a  n u d ib ra n c h  is 
only  a n  ind ica tion  of th e  behavior of the  n u d ib ra n c h s  in  th e  hydroid  colony.
Indiv idual sp ac in g  betw een conspecifics d id  n o t vary  betw een  tre a tm e n ts  
(Table 4-1). Ind iv iduals of Tergipes. D endrono tus an d  Doto m ain ta in ed  a 
s im ila r d is tan ce  from conspecifics regard less o f th e  identity  o f th e  o ther 
n u d ib ra n c h  species p resen t. W ithin each  tre a tm e n t involving th ese  th ree 
n u d ib ra n c h s . in terspecific  d is tan ces  w ere sim ila r to in traspecific  d is tan ces  for 
each  of th e  species o f n u d ib ra n c h s  (Table 4-1, T rea tm en t 1,2,3). In each
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trea tm en t In traspecillc  d is tances for D endrono tus and  Doto in the  trea tm en ts  
w ith Tergipes a n d  for Doto w ith D endrono tus could  no t be m easu red  because  
only one individual of th ese  species w as used  so  th a t field d en sities  could be 
m ain ta ined . In Table 4-1 in traspecific  d is tances for these  spec ies  from 
m onospecific trials  a re  reported  to show  sim ilarities w ith o th e r trea tm en ts . 
Individuals of Doto a re  th ree  tim es closer to each  o th e r th a n  a re  indiv iduals of 
E u b ran c h u s  (Table 4-1. T reatm en t 4). In traspecific d is tances betw een Doto a re  
2 .5  tim es closer th a n  interspecific d is tan ces  to E u b ra n c h u s . b u t  d is tances 
betw een indiv iduals of E u b ran c h u s  did not differ from  in terspecific  d is tances 
w ith Doto.
N earest neighbor analysis  (C lark an d  Evans. 1954) w as u s e d  to determ ine  
th e  p a tte rn  of d ispersion  am ong conspecifics for th e  four species of 
n u d ib ra n c h s . The p a tte rn  of d isp ersio n  w as de term ined  a t  field densities  a n d  
th en  after a n  increase  above field d ensities  in  m onospecific asso c ia tio n s. At 
field densities , each  spec ies  of n u d ib ra n c h  is random ly  d is trib u ted  in  the  
hydroid  colony (Table 4-2). There w as  a  tendency for the  p a tte rn  of d ispersion  
to change w hen  d ensities  of D endrono tus and  Doto were in c reased . In two of 
th e  th ree  rep licates D endrono tus exhibited a  reg u la r p a tte rn  a f te r  densities  
w ere increased  w hile Doto tended to  aggregate (clump) a t  h ig h er densities. In  
b o th  E u b ran c h u s  an d  Tergipes no  ch an g es  in th e  d ispersion  p a tte rn  occurred  
w hen  d ensities  were increased .
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DISCUSSION
B ehavioral in te rac tions betw een n u d ib ran ch s  in colonies of Obelia 
geniculata  a re  frequen t, b u t do not influence the  d is trib u tio n  or feeding 
ecologies o f o th e r n u d ib ran ch s. T hough  n u d ib ran ch s  w ere sufficiently 
a b u n d a n t in bo th  observational a n d  m anipu lative  experim ents to con tac t one 
ano ther, a n d  densities were sim ilar to those found natu ra lly , n u d ib ra n c h s  were 
not d isp laced  from th e ir  preferred portion  of the  colony by com petitors. S im ilar 
conclusions w ere show n for insects on  the sam e trophic level on  p lan ts  (Root. 
1973: Sim berloff, 1978; Lawton. 1982) an d  in a  sa lt m a rsh  com m unity  for 
snails  (Berm an. 1989). The n u d ib ran ch  com m unity  in Q. gen icu lata  is probably  
sim ilar to insect com m unities w here resou rce-based  com petition  is relatively 
u n im p o rtan t in  s tru c tu r in g  th is com m unity  (see Lawton a n d  Strong. 1981: 
S trong, e t a l., 1984).
M any ecological p a tte rn s  a re  a ttr ib u te d  to com petition  b u t  a lte rnative  
h ypo theses need  to be  explored (Lawton an d  Strong. 1981). Interspecific 
com petition  h a s  been  designated  th e  cau se  of n iche  division, c h a rac te r 
d isp lacem ent and  d en sity  com pensation  (Schoener. 1982: Cody an d  D iam ond. 
1975). how ever, desp ite  th e  ap p a ren t lack  of com petition for food, the  feeding 
ecologies o f th ese  four G u lf of M aine n u d ib ra n c h s  a re  d ifferent (C hapter 3). 
Lawton a n d  S trong  (1981) s tre ss  th a t  th e  im p o rtan t question  to a sk  is n o t 
w hether differences betw een  species exist, b u t a re  the differences g rea ter th a n  
o ther fac to rs  d ic ta te?
A prim ary  reaso n  to  reject in terspecific com petition a s  a  m ajor force 
s tru c tu rin g  com m unities of in sec ts  a n d  o ther o rgan ism s is th e  lack of 
in traspectfic  com petition  (Miller. 1967; Strong, e t al.. 1984). Behavioral 
in te rac tio n s  betw een conspeciflc n u d ib ra n c h s  w ere prim arily  non-aggressive 
(Figure 4-1 to 4-8). O n  m any  occasions, the  m eeting  of two conspecifics
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resu lted  in the an im als  m ating (pers. obs.). This suggested  th a t n u d ib ran ch s  
were generally  u n aw are  of o th e rs  in  the hydroid colony u n less  they are in 
physical contact.
D isp lacem ent from a feeding position h as  no t been  observed and  a lth o u g h  
the  location a n d  d ispersion  {Table 4-2) of n u d ib ran ch s  w ithin the  hydroid 
colony w as a lte red  by increased den sities  of conspecifics, the  p a tte rn  was 
in co n sis ten t. Two hypo theses a re  suggested  to a cc o u n t for th ese  obsevations. 
Firstly, food is no t a t  a  shortage. A lthough m any have inferred th a t 
n u d ib ra n c h s  can  destroy  fouling com m unities by consum ing  p a rticu la r hydroid  
prey (Clark, 1975: H arris , 1987; Todd and  H avenhand, 1989), no  work h a s  y e t 
d em o n stra ted  th a t food is lim iting to  these n u d ib ran ch s. M ost hydroid-eating  
n u d ib ra n c h s  a re  opportunistic , fugitive species w ith  sh o rt life sp a n s  and  a 
single reproductive period ju s t  p rio r to death  (Clark. 1975; Todd, 1981). By th e  
tim e a  hydroid colony is decim ated, n u d ib ran ch s  w ith in  the  colony have 
concluded  rep roducing  an d  are  beg inn ing  senescence. Secondly, n u d ib ra n c h s  
w ith in  th e  hydroid colony a re  generally  unaw are  of each  o th er a s  a re  m any 
in sec ts  on  p lan ts  (Root, 1973: SimberlofT. 1978). N ud ib ranchs con tacted  each  
o th e r only while craw ling  w ith in  hydro id  colonies (Figure 4-1 to  4-8). The 
m ajority  of these  in te rac tio n s  w ere non-aggressive a n d  recognition of o ther 
n u d ib ra n c h s  by a  m echan ism  o th e r th a n  tactile co n tac t w as rare .
D ifferences in  colonization, m orphology a n d  physiology, suscep tib ility  to 
p red a tio n  a n d  food p a tch in ess  all co n trib u te  to p a tte rn s  of species a b u n d an c e s  
a n d  d is trib u tio n s  a n d  m ay not be influenced by in terspecific com petition 
(Lawton a n d  S trong. 1981: D iam ond a n d  Case. 1986). In th e  guild of 
n u d ib ra n c h s  in  colonies Q. g en icu la ta . biotic factors in  the  form  of variable 
rec ru itm en t an d  p red a tio n  m ay o p e ra te  to regu late  the  com m unity  and  re d u c e  
com petition. A lthough peaks in colonization of a ll n u d ib ra n c h s  occurred d u rin g
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the su m m er m onths (C hap ter 2), food ab u n d an ce  w as also high an d  alternative 
foods w ere available (pers. obs.: K uzirian. unpub . da ta). Q. gen icu lata  also 
grows epiphytically  on A g aru m  cribosum  (pers. obs.; Berm an, et al.. in prep.) 
and there a r e  other com m on thecate hydroids on ro ck  su b s tra ta . These 
represent p o ten tia l a lte rn a tiv e  h ab ita ts  a n d  food re so u rces  for se ttlin g  veligers 
tha t would red u ce  com petitive in teractions and  p rom ote  coexistence.
The w ra s s e  T autogolabrus a d sp e rsu s  (cunner) feeds upon  n u d ib ran ch s  
which cou ld  facilitate coexistence of th e  n u d ib ran ch s. The v ast m ajority  of 
n u d ib ran ch s  inhabiting Q . geniculata colonies a re  le ss  th an  3 m m  (82.6%. 
Chapter 2). These an im a ls  a re  im m atu re  (Swennen. 1961; Miller. 1962; 
Robillard, 1970. Clark. 1975) and cryptic. Large n u d ib ra n c h s  a re  likely to be 
more su scep tib le  to fish p reda tion  by th e  w rasse T. a d sp e rsu s . C u n n e r readily  
ea t n u d ib ra n c h s  in the labo ra to ry  (H arris, unpub . d a ta ) and  in  th e  field (pers. 
obs.). If la rg e  n u d ib ran ch s  a re  picked from  hydroid colonies, n u d ib ra n c h  
populations w ill be d o m in a ted  by sm all individuals.
C om petition  may b e  lim ited by p rey  sw itching a s  the  n u d ib ra n c h s  get 
larger. P rey sw itching c a n  reduce com petition by decreasing  feed ing  p re ssu re  in  
th e  hab ita t w h ere  veligers a r e  m ost likely to settle. D endrono tus sw itches to th e  
hydroid T u b u la r ia  spp. w h e n  large (> 10 m m ) (Sw ennen, 1961; T h o m pson  a n d  
Brown, 1984). Kuzirian (u n p u b . data) show ed th a t D oto feeds o n  o th e r 
hydroids a s  a d u lts  (>3 m m ). The m ajority  of Doto fo u n d  on the  hydroid  
Thularla a r  g e n  tea were g re a te r  than  3 m m  over 4 y e a rs  (1972-1975) (Kuzirian, 
unpub. d a ta ) w hereas 71 .3 %  of Doto in  Q. geniculata  were less th a n  3 mm 
(Chapter 2).
A g e n e ra l assu m p tio n  in  ecology h a s  been th a t sim ilar spec ies  of an im als  
will com pete m o s t in tensely  (M acArthur. 1958; Miller. 1967). T h is is not 
supported  b y  th is  study: hydro id  eating  n u d ib ra n c h s  do not in te ra c t a t  a level
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w here com petition  could be  a  m ajor force s tru c tu rin g  the  com m unity . In 
co n tra s t, th e  aeolid H erm issenda crassico rn is  on th e  Pacific coast is a p reda to r 
of hydroids an d  n u d ib ra n c h s  in  colonies of thecate  hydroids. B oth sm all aeolid 
a n d  d en d ro n a tacean  n u d ib ra n c h s  actively avoid H. c rass ico rn is  by occupying 
periphera l a re a s  of hydroid colonies (H arris, pers. comm.). The assoc iation  
betw een  n u d ib ra n c h s  a n d  hydroids ap p ea rs  very sim ilar to th a t  of in sec ts  an d  
p lan ts  (Strong, e t al.. 1984; Howe an d  W estley, 1988), M echanism s regulating  
in sec ts  com m unities, su c h  a s  predation, colonization a n d  patch ily  d is trib u ted  
food, a re  likely to be opera ting  in the  n u d ib ran ch  com m unity  in colonies of O. 
g en icu la ta .
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Figure 4-1. E thogram  of behav io rs involving D endrono tus frondosus 
before and  a fte r a n  en co u n te r w ith o th e r n u d ib ra n c h s  on 
colonies o f  O belia gen icu la ta . (T = to u ch , Ta = ta s te . Cl = 
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Figure 4-2. E thogram  of behaviors of D endrono tus frondosus in itia ting  a n  
en co u n te r w ith a n o th e r  n u d ib ran ch  a n d  reaction  of o ther 
n u d ib ran ch s . fT = touch , Ta = ta ste . Bri = b ris tle  cera ta , Cr = 
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Figure 4-3. E thogram  of behav io rs of Doto coronata  before an d  a fte r a n  
en co u n te r w ith o th e r n u d ib ra n c h s  on colonies of O belia 
g en icu la ta . (T = touch. Ta = ta s te . Cl = clim b. Av = 
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IFigure 4-4. E thogram  of behaviors of Doto co ronata  in itia ting  a n  
en co u n te r w ith an o th e r n u d ib ran ch  an d  reac tio n  of o ther 
n u d ib ran ch s. (T = touch . Ta = ta s te , Cr = cringe, Av = 
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Figure 4-5. E thogram  of behaviors of Tergipes Tergipes before  and  after a n  
en co u n te r w ith o th e r n u d ib ra n c h s  on colonies o f Obelia 
g en icu la ta . (T = touch , Ta = ta s te . Cl = climb, B ri = bristle 
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Figure 4-6. E thogram  of behaviors of Tergipes tergipes in itia tin g  an  
en co u n te r w ith  a n o th e r n u d ib ran ch  a n d  reaction  o f o ther 
n u d ib ran ch s. (T = to u ch . Ta = taste . Bri = b ris tle  cera ta . Av = 
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Figure 4-7. E thogram  of behaviors of E u b ran ch u s  exiguus before and  
after a n  en co u n te r w ith  o th e r n u d ib ran ch s  on colonies of 
O belia gen icu lata . (T = touch . Ta = taste . Av = av o id /aversion . 
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Figure 4-8. E thogram  of behaviors of E u b ran ch u s  exiguus in itia ting  an  
en co u n te r w ith  an o th e r n u d ib ran ch  an d  reaction  of o ther 
n u d ib ra n c h s . (T = touch . Ta = taste . Cl = climb. C r = cringe. 
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Figure 4-9. M ean heigh t (+SE) occupied by  n u d ib ra n c h s  on h y d rocau li in 
pair-w ise in tra- [AA.BB) a n d  inter-specific (AB.BA) trea tm en ts . 
D esignations of before a n d  a fte r refer to a n  addition  o f 
ind iv iduals to m an ip u la te  densities of n u d ib ran ch s . No 
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Table 4-1. S um m ary  of p a tte rn s  of spacing  in interspecific associations of 
n u d ib ra n c h s  on colonies of O belia. V alues a re  m ean  d istances (mm) betw een 
any  two n e a re s t neighbors. (* D istances betw een individuals from 
m onospecific trials.)
S p ec ie s  A  S p ec ie s  B D istan ce  (mm) b etw een  p










D endrono tus 





c. E u b ran c h u s
T ergipes 14.2 (2.2) NS
D en drono tus 16.2 (4.0)
D endrono tus 10.2 (1.8)
Tergipes 10.5(1 .1) NS
Doto 11.8(4 .0)
Doto 6 .7  (1.9)
D endrono tus 11.7(1 .6) NS
Doto 11.2(1 .2)
Doto 7.8 (1.7)
Doto 6 .4  (2.9) a :b  0 .027
E u b ra n c h u s  15.1 (2.1)
E u b ran c h u s  2 1 .0 (3 .7 ) b:c NS
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Table 4-2. P a tte rn s  of interspecific d ispersion  of n u d ib ra n c h  species on 
colonies of O belia . D esignations of before (B) and  a fter (A) refer to a n  add ition  of 
individuals to m an ipu la te  densities of n u d ib ran ch s  in pair-w ise experim ents. 
P a tte rn s o f d ispersion  w ere determ ined by m ethods described  in C lark and  
Evans (1954).
S p ecies M ean D istance (mm) P attern  of
b e tw een  Individuals (SE) D ispersion
Before After Before After
D endronotus 13.3 13.0 R andom Random -
(1.8) (2.1) Regular
Doto 11.2 2.5 R andom Random -
(1.5) (0.9) Clum ped
E u b ran ch u s 12.2 10.4 R andom No C hange
(4.9) (0.4)




Kelp b lades (Lam inaria spp.) w ith  colonies o f Obelia gen icu lata  were 
collected over a  28  m o n th  period to docum en t the  ep ifaunal com m unity  
in h ab itin g  the  hydroid colony and  to determ ine th e  possible m ech an ism s 
allowing the  four n u d ib ra n c h  species p resen t to coexist. R egression analyses 
correla ted  th e  a b u n d an c e s  of ep ifauna w ith four h a b ita t p a ram ete rs : kelp 
b lade size (cm^). hydroid colony size (cm^), density  o f hydrocauli (per cm^l an d  
heigh t of hydrocauli (mm). The feeding biology of th e  four n u d ib ra n c h  species 
inh ab itin g  O. geniculata w as described  by the following criteria: m orphology of 
th e  rad u la , feeding b ehav io r an d  location  of the n u d ib ra n c h s  w ith in  the 
hydroid colony. D ensity  m an ipu la tions of n u d ib ra n c h s  in pair-w ise  behavioral 
in te rac tio n s  tested  the  effects of in terference on th e  location of n u d ib ra n c h s  in  
the  colony.
Colonies of Obelia geniculata  provide h ab ita t a n d  food for m a n y  
in v erteb ra te  ep ifauna (C hapter 1,2). T he hydroid colony is the  effective island 
for m o st species: h igher ab u n d an ces  of all motile spec ies  except flatw orm s an d  
D en d ro n o tu s  frondosus w ere found on  kelp  b lades w ith  larger hydro id  
colonies. T he size of colonies of the  ectoproct M em branipora m em branacea  
w as negatively assoc ia ted  w ith hydroid colony size b u t  positively correlated to 
the  size o f th e  kelp blade. This p a tte rn  showed th a t  larvae of M- m em branacea  
se ttle  on th e  largest su b s tra te  available th a t is c lear o f other se ss ile  epifauna. 
H ydrocauli in  colonies o f Q. genicu lata  provide s tru c tu re  to m otile epifauna. 
D enser a n d  taller colonies generally h av e  higher a b u n d an c e s  of m otile  
ep ifauna.
C olonies of Q. gen icu lata  are  a  n u rse ry  h a b ita t for n u d ib ra n c h s  (Chapter 
2). A du lts  of D endrono tus frondosus a n d  Doto c o ro n a ta  were in freq u en t
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in h ab itan ts  o f the  hydroid  colony. E u b ran c h u s  exig u u s  w as found less 
frequently, b u t  juveniles w ere m ore a b u n d a n t th a n  ad u lts . G reater 
ab u n d an ces  of E u b ran ch u s  are found in o ther hydroid  colonies (Lam bert.
1985; K uzirian , unpub . da ta), th u s  Q. geniculata seem s to be a  fringe h ab ita t 
for E u b ra n c h u s . Q. g en icu la ta  is the  prim ary  h a b ita t of Tergipes tergipes. 
A dults a n d  egg m asses of Tergipes w ere found in m ost m on ths of th e  census. 
Tergipes w a s  th e  only n u d ib ra n c h  th a t  consisten tly  occupied the  hydroid 
colony for i ts  en tire  life cycle.
E ach n u d ib ran ch  species utilizes a  separa te  po rtion  of the  hydroid  colony 
a s  food a n d  h a b ita t (C hap ter 3). D endrono tus feeds by  p enetra ting  the  
perisarc of th ecae  or s to lo n s  or by b iting  off whole polyps. This difference in 
feeding p reference  is size dependent: sm all n u d ib ra n c h s  (<5 mm) drill th rough  
perisarc a n d  large n u d ib ra n c h s  (>5 m m ) bite polyps. B oth  Doto a n d  
E u b ran c h u s  feed by p en e tra tin g  the hydroid perisarc  a n d  su c tio n in g  ou t 
tissue, b u t th ey  feed u p o n  different s tru c tu re s . Doto drills th ro u g h  sto lons, 
while E u h ra n c h u s  p e n e tra te s  hydrothecae. Lastly, T ergipes a tta c k s  a n d  ra sp s  
naked tis su e  o f polyps. T h e  feeding preferences of th e  n u d ib ra n c h s  correla ted  
w ith the s t ru c tu re  of th e ir  rad u lae  su g g ests  th a t th e  ra d u la  is a n  a cc u ra te  
predictor o f  h o w  a n u d ib ra n c h  feeds w hen  the an im al is sm all, b u t  a t  larger 
sizes (>5 m m ) the  jaw s p lay  a  m ore im p o rtan t role in  feeding.
E n c o u n te rs  am ong th e  n u d ib ran ch s  occur frequently  b u t do n o t ap p ea r 
to  influence th e  location o f n u d ib ra n c h s  w ithin the  colony or w here 
n u d ib ra n c h s  feed (C hapter 4). The v a s t m ajority of all pair-w ise in tra -  and  
interspecific en co u n te rs  betw een  n u d ib ra n c h s  w ere non-aggressive. 
D isp lacem ent from a n  a re a  by a  heterospeciflc w as in frequen t. T h is suggests  
th a t n u d ib ra n c h s  are u n a w are  of each  other, sim ilar to m any in sec t 
com m unities (Strong, e t a l.. 1984; Howe an d  W estley, 1988).
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A lthough som e sep a ra tio n  of the  hydroid  food reso u rce  is p re sen t w ithin 
th e  hydroid colony, resource  partition ing  is unlikely to be a  m ajor factor 
allow ing coexistence of the  n u d ib ran ch s. In terference an d  com petition are Loo 
ra re  o r too w eak to  cause th e  observed p a tte rn s , a lth o u g h  these p a tte rn s  could 
be a  consequence  of the g h o s t of com petition  p ast (Connell. 1980). Only one 
n u d ib ran ch . Terg ipes u ses  colonies of Q . geniculata a s  a  prim ary h ab ita t.
B o th  D endrono tus and  Doto u se  the h a b ita t  prim arily a s  a  n u rse ry  a n d  prey 
sw itch ing  by th e se  n u d ib ra n c h s  w hen la rg e r facilitates coexistence. 
E u b ran c h u s  is found  m ore a b u n d an tly  on  o ther hydro ids (Lam bert. 1985; 
K uzirian, u n p u b . data) a n d  Q. geniculata  seem s to be a  a lternative  food 
resou rce . D ifferential se ttlem en t and  rec ru itm en t by a ll four n u d ib ra n c h  
sp ec ies  can  overw helm  the  hydroid  a t tim es b u t equ ilib rium  cond itions 
n ecessa ry  for exclusion  a re  unlikely to o ccu r or p e rs is t for long periods. 
Therefore, re so u rce  p a rtition ing  need n o t b e  invoked to  explain th e  con tinued  
coexistence of th e se  p redato rs.
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